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ABSTRACT 
A study was conducted into the spacing behaviour of hens, and the effects of limited 
space availability on behaviour. The concept of behavioural need and the motivational 
aspects of spacing behaviour are discussed, along with implications for hen welfare. 
Familiarity and aggression were the main social factors determining local bird 
distribution. Familiar birds tended to associate more closely than strangers, though 
hens preferred visual contact with a stranger to isolation. If given the opportunity, 
groups of at least 40 hens could recognise each other and would defend their common 
territory. Within each group, smaller sub-groups tended to occupy core areas within 
the territory. The effects of familiarity between birds remained evident over several 
weeks of study. The space around birds was correlated with social status and 
aggressiveness. In floor pens, increases in group size and stocking density resulted in 
increased aggression. These increases did not particularly affect the lower ranking 
birds. 
Time budgets of hens were affected by space allowance, with small cages restricting 
behavioural expression. The behaviour patterns most affected were those with elastic 
demand, but in the smallesty cages there was also an effect on food consumption. 
Behavioural freedom was affected by quite small increases in cage size, while larger 
increases affected only certain behaviour patterns, eg walking. Space increases also 
affected the way behaviour was performed, allowing more complete expression in 
more natural ways. 
In unrestricted environments there was a tendency for group activities to be 
synchronised, which was increasingly limited as space was restricted. Motivation to 
synchronise was most evident during feeding. Birds which were unable to feed with 
the others often showed signs of frustration, with particular individuals tending 
repeatedly to be the ones excluded. The E.C. minimum of 100 mm of feeding trough 
length (and hence cage width) per bird was inadequate to allow all hens to feed 
simultaneously, but they could do so more easily with a space allocation of 150 mm 
and above. There was also an effect on cage size on the synchrony of other behaviour 
patters, such as preening, walking and jostling. The results of this research suggest 
that modifications to commercial housing systems for laying hens are needed if 
welfare is to be safeguarded. 
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CHAPTER 1 
INTRODUCTION 
1.1 GENERAL INTRODUCTION 
1. 1.1 Domestic fowl 
Domestic fowl have been a part of human culture for more than 7000 years (Chow, 
1984). It is said that they were originally domesticated from the red junglefowl for use in 
religious ceremonies, and were later bred for cock-fighting (Wood-Gush, 1959). The 
wide use of fowl in agriculture is a more recent phenomenon. The birds we have today 
are a product of the domestication and selection procedures that occurred throughout 
this varied history (Crawford, 1990). 
Current use of the domestic fowl by humans is enormous, making the species not only 
commercially of great importance but a vital source of nutrients, particularly in poorly 
developed countries. This high consumption has largely been made possible by the 
introduction of intensive husbandry systems and by genetic selection. This has led to 
moral and ethical questions being raised about the physical and psychological problems 
of the birds (Harrison, 1964). Public awareness of these issues is growing rapidly, and 
legislation to limit such intensive farming practices seems an imminent possibility. 
However, public pressure only works to change what people perceive to be poor welfare 
and does not necessarily tackle the real or underlying issues. Before legislation is enacted 
there needs to be a fuller understanding of the specific effects of the environment on 
behaviour and welfare. Without this we have no way of knowing what would result from 
the changes. 
There is a growing body of literature on the behaviour and welfare of the domestic fowl 
(Appleby et al, 1992). But questions still remain unanswered, many concerned with the 
fundamental understanding of hen behaviour. For example, one important question which 
is commonly aired, and with which this thesis is much concerned is: how much space 
does a hen need? 
Even to begin answering such a question requires an understanding of the underlying 
mechanisms controlling spacing behaviour, which in turn requires an understanding of 
group and social behaviour. This is clearly of wide scope and has a high degree of 
complexity, so is beyond the limits of a single study. But it is towards this end that the 
current study is aimed: not intending to answer the question in full, but hoping to help 
understand some of the scientific issues which may eventually lead to its solution. 
In the wild, the grouping patterns of animals are adapted to suit their survival needs. The 
two main advantages of grouping are an increase in foraging success and reduced 
predation (general account in Krebs and Davies, 1981). However, in the captive 
environment these two factors have little or no influence since food is provided, and in 
most housing systems predation cannot occur. Yet despite this, many of the grouping 
and feeding strategies of wild birds still occur in domestic flocks (Collias and Collias, 
1967). 
An animal's motivation largely arises from the environmental stimuli it experiences. So 
although the behaviour of captive animals is often different to those in the wild, the 
behaviour may still be appropriate to the surroundings. However, there can also be a 
build up of internal motivation (Hogan and van Boxel, 1993). This could result in a 
captive animal being unable to satisfy its internal motivation because the environment is 
not providing a suitable release. 
One of the greatest differences between wild and captive fowl is the space they have 
available to them. For many housing methods another large difference is in the size and 
composition of the groups they live in. Group composition is not studied here - all of the 
studies using groups of hens of the same age - but the effects of space allowance and 
group size are. 
1.1.2 Areas of study 
The relationship between behaviour and space allowance (including the effects of group 
size) is of two types: one is the way space allowance affects behaviour, and the other is 
the way the birds use the space available to them. 
Effect of space availability on behaviour 
Studies of the effects of space allowance on behaviour cover the following three 
categories and include a test of the theory of elastic and inelastic demand. 




Studies of spacing behaviour concentrate on the effects of familiarity and aggression. The 
following areas are studied: 
Territoriality 
Individual spacing 
Factors affecting spacing 
Space usage 
Thoughout this thesis the effects of the observed behaviour patterns are discussed in 
relation to their effects on hen welfare. 
1.2 EFFECT OF SPACE AVAILABILITY ON BEHAVIOUR 
1.2.1 Behavioural time budgets and mode of expression 
Behavioural need 
To an individual the importance of expressing a behaviour pattern need not be related to 
the proportion of time involved, but to the survival value gained from its performance. 
Activities such as predator avoidance and aggression may occur infrequently but have 
high survival value. Behaviour patterns such as feeding and drinking, which are directly 
related to the survival of the individual, are sometimes described as being the animal's 
'ultimate' needs (Dawkins, 1983). When an animal is motivated to perform one of these 
behaviour patterns the activity will often occur in preference to those which are less 
directly associated with survival, its 'proximal' needs. 
The need of an animal to perform a particular behaviour pattern can be difficult to 
ascertain. Is its need the end product which would be achieved from performing the 
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behaviour - eg clean feathers or the ingestion of nutrients - or is its need the satisfaction 
of its motivation to perform the behaviour? A hen housed on its own in a large pen with 
no cover, has no practical need to perform anti-predator behaviour because there are no 
predators present. However, it will still be highly motivated to perform them due to its 
adaptation for the natural environment where it was necessary. Similarly, a hen housed in 
a parasite-free battery system will still perform preening behaviour, even though it has no 
parasites to remove, and does not require good feather condition for flight or insulation. 
There is no reason to believe that motivation to preen, or to perform many other 
activities, has been much reduced during domestication because man's selection of 
domestic breeds was concerned with other factors, namely the fighting abilities of the 
cock and the production traits of the hen (Wood-Gush, 1959). 
Operant measures of behavioural need 
One method of determining the motivation of an individual to perform a behaviour is to 
measure the 'work' it is willing to undertake in order to perform it (Dawkins, 1983). This 
is done using a manipulandum; a device on which the animal has to perform a task in 
order to gain access to a reward (in this case an opportunity to consummate its 
motivation to perform the behaviour). This provides a way of comparing motivations to 
perform a single type of behaviour under a number of circumstances, because the 
behaviour and the manipulandum will be consistent. Those behaviour patterns that are 
worked for at the expense of all others have inelastic demand, and represent the animal's 
ultimate needs. Those behaviour patterns that are performed with varying degrees 
depending on the costs of performance have elastic demand, and are the animal's 
proximal needs. 
However, when several behaviour patterns have to be compared it is more difficult to use 
operant conditioning because the design of the manipulandum may need to be 
ergonomically suited to the behaviour being performed if the animal is to show a suitable 
response. This was found with male sticklebacks, which learned to pull a wire to get 
access to other males to fight, but when offered the same wire to gain access to a mate 
the fish responded by displaying to the wire (Svenster, 1973). Similarly, pigeons could be 
trained to peck a disk to obtain either food or water, and the type of peck was dependent 
on the reinforcer. When pecking for food the bill was closed, when pecking for water it 
was open (Moore, 1973). In this case it would be unrealistic to compare the number of 
pecks needed to gain access to a reward because the work rate may not be directly 
comparable and the reward rate impossible to standardise. It is sometimes suggested that 
hens are not highly motivated to dust-bathe because they will not work to gain access to 
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a dust bath (Dawkins and Beardsley, 1986). This could be because no suitable 
manipulandum has been devised which the hens are willing to use. Although, 
theoretically, operant measures of motivation may offer the best measure of behavioural 
need, the practical problems of providing unbiased measurements make the results 
difficult, or impossible, to interpret reliably. 
Time budgets as measures of behavioural need 
The way an animal allocates its time in a restricted environment gives an indication of the 
priorities attached to each activity, making possible an assessment of the animal's 
behavioural needs (Dawkins, 1988). Although the proportion of time performing an 
activity does not indicate behavioural need, the amount of flexibility of performance can 
be used as an indicator. Those behaviour patterns unaffected by environmental conditions 
are showing inelastic demand, indicating that there is a high need for them to be 
performed (Dawkins, 1983). For an animal to stop performing one activity in order to 
spend longer on another incurs a cost, comparable to the cost to an animal working a 
manipulandum. The main advantage of research using this approach is that the practical 
difficulties of manipulandum design are removed. Hill et al (1986) altered the day length 
of domestic fowl chicks, thus restricting the time in which they could perform their day's 
activities. The birds ate the same amount of food regardless of the time available, but 
varied the performance of other activities. This showed that feeding has inelastic 
demand, and that time budgets can be used to asses the relative importance of behaviour 
patterns within the repertoire. 
McNamara and Houston (1986) suggest that at any given time animals perform those 
behaviour patterns which, if they were not performed, would most reduce the animal's 
fitness. The reduction in fitness resulting from not performing a behaviour is the 
canonical cost. In captivity, even though there may be no canonical costs associated with 
not performing certain behaviour patterns, the animal may suffer from not being able to 
carry out those actions which, in different circumstances, would normally prevent a 
reduction in fitness (Dawkins, 1990). 
Behaviour can vary in both quantity and quality of performance. Quantitative measures 
include the frequency and regularity with which behaviour is performed and the total 
time it takes. Qualitative measures include the intensity of the performance, its suitability 
to circumstances, and the degree of 'normality' of the expression. Quality is not used in 
this sense to imply goodness or badness, but rather to indicate the way, or manner in 
which the behaviour is performed. In some instances it would be quite possible to 
quantify what is here defined as a qualitative measure. 
Qualitative assessments can help in the understanding of the underlying motivations of 
animals. The recording of aggressive behaviour is an example of this. Within stable 
groups of domestic fowl, overt aggression usually involves one or more pecks between 
two individuals. These pecks are of short duration and would constitute a small 
proportion of the total time budget. However, it is often difficult, or impossible, to 
determine the levels of covert aggressive motivation of the aggressor, which may be high 
immediately before and after giving a peck. An aggressive bird approaching another in 
order to peck it, could well be recorded as performing 'walking' behaviour, when in fact 
its state of mind makes the act very different from walking towards a food trough or pre-
lay pacing. For this reason the more qualitative the recording of behaviour the better the 
chances of determining the function. 
Vacuum activities are behaviour patterns expressed incompletely due to the lack of 
suitable environmental circumstances. Wild and Feral fowl forage by scratching the leaf 
litter to look for food (Collias and Collias, 1967; McBride et al, 1969). In battery cages 
scratching still occurs, even though there is no substrate to scratch in (Appleby et al, 
1992), implying that the appetitive phase of behaviour may be important as well the 
consummatory phase. It has been suggested that hens have a need to ground scratch 
even when food could be obtained more quickly by not scratching (Breland and Breland, 
1961). Similarly, hens will go through the motions of nest-building without having any 
materials (Duncan and Kite, 1989), and it has been shown that the performance of nest 
building is more important than the acquisition of nest (Hughes et al, 1989). Another 
example is dust-bathing in cages without a substrate (Vestergaard, 1980). Sometimes 
behaviour patterns are performed stereotypically, with single actions being repeated 
consistently, seemingly without function (Mason, 1991). In these cases the mode of 
expression of the behaviour differs from that seen in the wild or under more extensive 
conditions, and could indicate that a welfare problem may exist because behavioural 
needs are not being met. 
1.2.2 Behavioural synchrony 
Measures of behavioural expression often give no indication of the behaviour of a group, 
or the interaction between individuals within it. In many cases this can be as important to 
the individual as its own behaviour. Social facilitation is a widely studied phenomenon 
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(see review by Clayton, 1978). Such processes of synchronisation, along with others 
such as observational learning and social stimulation, show how synchrony comes about, 
but nothing of its function. In whichever way it is achieved, synchrony of behaviour is 
widely seen throughout the animal kingdom. The frequency of occurrence indicates the 
value to the animals involved, but the study of these effects has largely been overlooked. 
The benefits of behavioural synchrony lie mostly in their function in aiding group 
cohesion (Clayton, 1978), the ultimate benefits therefore being of the same kind as those 
accrued from being a group member (eg, reduced predation and increased foraging 
efficiency). Any individuals performing a behaviour involving locomotion will tend to 
separate from others whose behaviour is stationary. Where separate behaviour patterns 
are performed in different areas, synchrony of activity allows all individuals to remain 
together, with the added safety and/or increased foraging efficiency which is gained. 
For domestic fowl the situation is generally very different. There is synchrony amongst 
feral birds (Savory et al, 1978), but in captivity there are no predators to detect, food is 
provided without the need to forage, and in few cases do birds have the option of 
separating from one another. However, behavioural synchrony still occurs (Webster and 
Hurnik, 1994), being most frequent during feeding (Tolman, 1964). The compulsion to 
synchronise remains, though the practical reasons for doing so have perhaps largely 
gone. But this may not reduce the need of the animal to satisfy its compulsion, and in 
commercial situations the satisfaction of such motivation to feed together is often 
prevented (Hughes, 1983). 
Most research where synchrony of behaviour is involved has been conducted on feeding 
activity. This is particularly the case with studies involving domestic fowl. Hens are 
motivated not only to feed at the same time, but also to feed near one another. When 
prevented from feeding together they can show signs of frustration and spend less time 
feeding (Mills and Faure, 1989). The feeder design and feeding space not only affect the 
amount of feeding activity, but the way the birds feed. Huon et al (1986) found that 
when feeders were partitioned the feeding rate was higher and there were more feeding 
bouts, but the food consumption was lower and the feeding duration shorter. The 
partitions had no effect on agonistic interactions which were generally uncommon. They 
concluded that feeders with partitions were less attractive to hens. 
A considerable amount of work has been done in relation to the space requirements of 
feeding birds. Huon et al (1986) showed that increased feeding space led to longer 
feeding times with fewer but longer feeding bouts. Much of the activity of these birds 
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was considered to be play rather than food consumption. One method of studying the 
effects of feeding space is to use wide and narrow cages. These are rectangular, with the 
food trough placed along either the long axis (wide cages), or the short axis (narrow 
cages) (fig 6.1). A confusion could arise because what I refer to in this thesis as a wide 
cage is referred to by some authors as a shallow or reverse cage, and what I call a 
narrow cage they call a deep cage. In future when quoting from their papers I will 
substitute my term and mark that I have done so by putting it in square brackets. The 
advantage of using wide and narrow cages is that confounding variables, such as 
stocking density and cage shape, are eliminated, making feeder length the only variable. 
The findings from studies using wide and narrow cages have been reviewed by Hughes 
(1983). In summarising the effects on production he found that "Hens in [wide] cages 
mostly produced a greater egg mass (generally in the form of higher egg number), ate 
more food, added more body weight and sometimes showed a reduction in mortality". 
The effects on behaviour were that "Disturbance is reduced in [wide] cages, while 
feeding activity is increased. There may be a beneficial effect on cannibalism and feather 
damage, and aggressive behaviour may be reduced". 
Hughes (1983) pointed out that in narrow cages there was not room for all birds to feed 
together, so individuals were constantly displacing one another at the food trough. In 
wide cages, where there is room for all birds to feed at the same time, the birds spent 
more time at the front of the cage and did not have to disrupt other birds to gain access 
to the feeder. Although this appears to be the main factor causing the differences in 
production and behaviour between the two cage styles, little has been done to identify 
the problems in more detail; in particular there has been little analysis of individuals 
within cages to determine whether the effects are spread evenly amongst the cage mates 
or are affecting some more than others. There is an indication that low ranking 
individuals may particularly lose out when feeding space is limited (Cunningham and van 
Tienhoven, 1983). 
Current E. C. law states that domestic fowl should be provided with 10 cm of feeding 
space per bird (Appleby et al, 1992). Authors have differed in their opinions as to the 
adequacy of this figure. As Hughes (1983) pointed out, it is not necessarily the amount 
of trough space that limits the number of birds feeding together, but the standing space 
adjacent to it (fig 1.1). Faure (1986) found that a group of four hens would peck a panel 
to gain access to a food trough. They could gain access to up to 100 cm of trough but 
would rarely work for more than 40 cm, this being sufficient space for all birds to feed at 
the same time. For these experiments the standing space was always 100 cm. 
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Because the bulk of research on feeding behaviour of hens has been related to their space 
requirements, most studies have concentrated on the range of space allowances around 
or below the commercial minimum. Little is known of the space use of feeding hens 
where more area of food trough is provided and therefore of any additional needs these 
birds may have, though the work of Faure (above) would indicate that the motivation for 
greater feeding space is slight. 
For this thesis the feeding of hens was studied using a wide range of trough sizes, not 
just to ascertain the minimum requirements for synchronous feeding, but to study the 
behaviour of hens when more space was provided. Most studies of behavioural 
synchrony have been concerned with feeding. Where space is the dependent variable, all 
studies of behavioural synchrony have involved the feeding behaviour of hens. In this 
thesis it is hoped to widen this area of study to include the effects of space allowance and 
group size on the synchrony of additional types of behaviour pattern. 
1.2.3 Aggression 
Aggression can take several forms. Because of the potential damage caused by fights, full 
conflict is avoided in most species, which tend to use threats, or weigh up their chances 
of success in advance (Tinbergen, 1951). This is equally true with domestic hens 
(Hughes and Wood-Gush, 1977). Cockerels have always been known for their 
aggressiveness to other males, but females can also have fierce conflicts. 
Such conflict is often observed when strange hens are mixed together, but the amount of 
fighting rapidly declines as a social hierarchy forms (Craig et al, 1969). There is then a 
considerable change in the mode of aggression. Full fights are replaced by one or several 
quick pecks by dominant birds to the head or body of the subordinate. The subordinate 
will usually adopt a submissive posture and the aggression will not be pursued. Usually 
brief threats are enough to initiate submission; raising of the head or neck hackles, or just 
facing the bird directly is often sufficient (McBride et al, 1963). In these cases there is 
often no physical contact, and little effort is required by either party. 
There are several types of situation which can lead to aggression. Fraser and Rushen 
(1987) used four general categories. 1: Competition over resources. 2: Meetings 
between unacquainted animals. 3: Spatial factors and overcrowding. 4: Frustration, fear 
and pain. In addition the authors discussed the existence of a fifth category of aggressive 
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drive. This is where the behaviour occurs spontaneously rather than as a reaction to 
external stimuli (Lorenz, 1966). Fraser and Rushen (1987) doubt the importance of this 
as a cause of aggression in farm animals, whereas the other four factors can all have an 
effect on the aggressive behaviour of domestic fowl. 
Competition over resources 
This can be a major factor in the aggressiveness of chickens, particularly where feeding 
or mating is concerned. Once hierarchies are formed, access to a limited resource is 
governed more by social status than by the aggression exhibited at that time. Wood-Gush 
(1971) commented that "high ranking birds which deliver the most threats and win the 
most fights also have priority for food, nests, roosting places and greater freedom of the 
pen". Even though social status can affect access to resources, resource availability may 
not have been the original cause of the aggression that established the social hierarchy. 
Meetings between unacquainted animals 
As previously mentioned, when the peck order is being established, higher levels of 
aggression occur. This is the case whenever unacquainted birds are mixed (Craig et al, 
1969). McBride and Foenander (1962) proposed that in large groups aggression levels 
are high because individuals are continually meeting strange birds with which they have 
not established dominance. The birds are therefore continually fighting to establish status 
with strange individuals. 
Spatial factors and overcrowding 
In many ways this is linked to category one; space is a resource and as such its 
availability will be open to competition. However, it differs in that each bird's space is 
unique to itself. The idea of individuals having a personal field was proposed by McBride 
(1971). According to this idea each bird has an area around it which it does not wish to 
have encroached, and hens will avoid entering the personal fields of dominant individuals 
(McBride et al, 1963). However, in confined conditions this is more difficult to 
accomplish, because birds are unable to avoid entering the personal fields of others. 
In very confined conditions such as battery cages, there is often very little aggression 
even though the birds' personal fields are permanently encroached (Hughes and Wood-
Gush, 1977). Up to the point where these kinds of highly crowded environments are met, 
aggression increases with stocking density, producing a curvilinear relationship (Polly et 
al, 1974). There is also a relationship between group size and aggression. For each bird, 
in relatively small groups, aggression increases as the group gets larger (Al-Rawi and 
Craig, 1975). But in flocks of over a hundred this has not been found (Craig and Guhl, 
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1969). Greater amounts of aggression have also been reported in areas of pens where 
bird density is locally high (Gibson et al, 1985). 
Frustration, fear and pain 
Duncan and Wood-Gush (197 1) showed that hens which were frustrated during feeding 
would give more aggressive responses with increasing food deprivation. Pre-laying 
aggression is also thought to result from frustration (Hughes, 1979). Aggression caused 
by frustration, fear or pain tends to involve brief periods of defensive behaviour rather 
than full-scale fighting or offensive aggression (Fraser and Rushen, 1987). 
The results of aggression 
For the victor the benefits of aggression are clearly recognisable; dominance over 
another individual is gained and with it the potential benefits, such as access to a mate, 
food or other commodity, more space and less persecution. For the loser the opposite is 
the case, with the additional problems of the stress of losing and potentially of the 
physical damage caused by the opponent, though the winner can also be injured. 
The stress or injury resulting from an aggressive encounter will be heavily dependent on 
the type of interaction involved. Severe physical damage is unlikely to result from any 
but the most severe fights. The loss of such fights are more likely to result in 
psychological and physiological stress. Conflict results in higher adrenal activity and the 
release of glucocorticoids. This can affect the immune system, increasing the animals' 
susceptibility to disease (Parrillo and Fauci, 1979). Glucocorticoids are growth inhibiting 
steroids (Sharpe et a!, 1986), and can lead to sexual maturation and growth being 
delayed. In frequently mixed flocks of hens where aggression was high, Guhi and Alice 
(1944) found lower rates of egg laying than in stable groups. When this is added to the 
increased likelihood of disease due to the depressed immune system, and the risks of 
physical damage, high levels of aggression can be seen to cause measurable production 
losses. 
There are several ways of reducing aggression. One is to beak trim the birds, though this 
has been widely criticised on welfare grounds (Gentle, et al, 1990). Another method of 
preventing high levels of aggression is to reduce the light intensity. Because hens use 
visual cues to recognise one another (Wood-Gush, 1971), it is thought that lower 
lighting levels prevent the birds from telling that neighbouring birds are strangers, thus 
reducing the need to fight (Hughes et al, 1974). However, the welfare of such lighting 
systems has also been brought into question (Nuboer, 1993). A more acceptable way to 
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reduce aggression in larger flocks could be to use partitions to aid hierarchy and territory 
formation. 
Although much effort has already gone into researching the aggressive behaviour of 
hens, there are still gaps in our knowledge. Most studies have been concerned with the 
amount of aggression within groups, rather than with the aggressive interactions of 
individuals. Within the structure of dominance hierarchies, certain individuals at the 
bottom probably suffer more than those higher up. For this reason describing group 
levels of aggression can be miss-leading from a welfare viewpoint, since some individuals 
may be suffering very severely, whilst others do not suffer at all. With the experiments in 
this thesis concerning aggression, the aim has been to take an individualistic approach. 
The gains and losses to individuals are studied, with particular reference to their position 
in the hierarchy. In addition, a distinction is made between aggressive and high ranking 
birds, to understand more fully the situation regarding the roles of aggression and rank in 
determining the net gains to the individuals concerned. 
1.3 SPACING BEHAVIOUR 
1.3.1 Theories of animal spacing 
McBride (1971) proposed three levels of animal spacing: 1. animals holding territories 
defend a fixed area against intruders, thus maintaining control of the resources within 
that area. 2. the personal sphere is an area around an animal or group which has no fixed 
location, but moves with the animals involved. This was described as the spacing system 
for animals on a home range. In this case the animals have control of the local resources 
at the site they occupy at a given time. 3. the personal field is the space around an 
individual within a group, which it does not wish to have encroached by other 
individuals. The animal controls the resources within its personal field. The size of the 
personal field determines the individual distance. This is the distance from an individual 
at which another of the same species provokes aggression or avoidance behaviour 
(Hediger, 1950). 
Schneirla (1959) proposed a model of optimal spacing based on the relative attractive 
and repulsive forces between two individuals (see fig 8.1 A), the optimum position being 
the distance at which the two forces are equal. McBride (1971) suggested that rather 
than a single equilibrium point, there was a broad neutral area (the 'living space') between 
the personal field of neighbours and the social distance (the maximum distance an animal 
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will move away from a group). Keeling tried to reconcile this by stating that variations 
occur between individuals and with different circumstances. 
There are differences between the spacing behaviour of the different castes, ie those from 
different sex and age groups (McBride, 1971). This complicates the assessment of 
spacing behaviour. In commercial systems it is common for groups of hens to be from 
the same caste, thus reducing the problems of interpretation. Each of the experiments 
presented in this thesis involves hens of equal age. Within a caste there may also be 
individuals with different roles (McBride, 1971). High ranking individuals may act 
differently to lower ranking individuals, and may space differently. "Thus caste specifies 
sets of roles available to gregarious animals, while roles specify sets of spacing behaviour 
and repertoires and interactions" (McBride, 1971) 
1.3.2 Spacing of domestic fowl 
Many of the above spacing patterns have been observed in domestic fowl. In the wild, 
the red junglefowl is territorial, and will react aggressively to an intruding male, whilst 
allowing entry to females. Low ranking, unmated, males are often also allowed within the 
territory but are prevented from close contact with the females (Collias and Collias, 
1967). Similar territorial behaviour has been observed amongst feral domestic fowl 
(McBride et al but see also McBride 1971 for discussion of the spacing observed). 
Territoriality within groups of domestic hens has been suggested by several authors. But 
in most cases, what they refer to as a territory could be better described as a home range 
or core area. A territory is an area whose boundaries are actively defended. Such 
boundaries rarely seem to occur in commercial situations Craig and Guhi (1969) found 
that in flocks of 400 birds, individuals would tend to use some areas of the pen more 
than other areas. Within areas they occupied the most, these birds were more successful 
in aggressive encounters. This the authors described as territoriality. But the regions the 
birds utilised did not have distinct boundaries and this could more accurately be 
described as core area usage (Jewell, 1966). McBride and Foenander (1962) showed that 
two established flocks of forty hens, separated by a partition, would defend their 
respective areas once the partition between them had been removed. This more closely 
represents true territoriality, and implies that the behaviour described by Craig and GuM 
may be territorial behaviour that is failing to lead to full territory formation due to 
environmental circumstances. In the study made by Craig and Guhl the group size of 400 
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birds was probably too high for all of the birds to recognise one another, and therefore to 
form a hierarchy and stable groups. 
Keeling and Duncan (1985) recorded the movements of two strains of hens in an out-
door enclosure. These birds formed two separate groups and ranged throughout the 
enclosure without mixing, but did not form territories. This is closer to the home range 
system, with the birds having a personal sphere which prevented encroachment of 
strangers from the neighbouring group. 
In most commercial systems individual spacing is the more common type of spacing that 
occurs. Hediger (1950) described those species with an individual distance as distance 
species and those without as contact species. Mader (1956) showed how the distance 
between two feeding stations affected the aggression levels of chaffinches, and concluded 
that the chaffinch is a distance species. Lill (1969) using the same methodology found no 
strong effect for chickens, and concluded that they were a contact species. However it is 
clear from studies of the spacing of domestic fowl that there is an individual distance (eg 
McBride et al, 1963), and that they will often avoid close contact and be aggressive to 
approaching birds, even if the aggression is not as highly pronounced as in chaffinches. 
For example, King (1965) demonstrated that approach distance is highly correlated with 
the frequency of aggressive pecks. 
One advantage of using the spacing patterns of feeding hens as a model for spacing 
behaviour is that feeding space varies in one dimension only. Another advantage is that 
birds feeding at a food trough are all orientated in the same direction. This allows 
spacing patterns to be analysed without having to allow for any variation in the personal 
field around the body (McBride, 1971) and without having to account for inter-individual 
distances being affected by the orientation of the birds involved (McBride et al, 1963). 
This simplifies the recording of data and reduces the complexities of interpreting results. 
As long as both food quality and quantity are standardised, the only confounding variable 
is likely to be the difference in individual motivation. 
With this in mind, three of the studies in this thesis involve the spacing of birds at a food 
trough. Two of these (chapters 2 and 3) are primarily concerned with the effects of space 
allowance on feeding behaviour (introduced in section 1.2.2), whilst the third (chapter 4) 
looks at the spacing of feeding hens. General observations of feeding birds are also made 
in the other experiments. 
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1.3.3 Factors affecting spacing 
For each spacing category the usual way of maintaining space is through aggression 
(McBride, 1971). The intruder can flee the area, or win the encounter and repel the 
defending individual. In many cases the intruder will show submissive behaviour to the 
defending individual, and is permitted to remain in the area as long as it retains its 
submissive status (McBride, 1971). The effects of aggression on bird distribution are 
studied in chapters 6 and 7. 
The reaction is often dependent on the status of the intruder and on the circumstances 
involved. A cock red junglefowl will allow a female to enter the territory while 
preventing another cock from entering (Collias and Collias, 1967). On roosting trees, 
adult Night Herons maintain distances from one another which are aggressively 
defended. An immature bird cannot approach either of two such adults too closely 
without being pecked. But since the individual distance between adults is more than 
twice as large as that between an adult and a juvenile, it can sit mid-way between the two 
birds and not elicit a reaction (Lorenz, 1967). 
Hens avoid passing close to a strange bird (Grigor, 1993; Freire, 1994), and individuals 
from two unfamiliar groups in a study by Keeling and Duncan (1985) did not 
intermingle. Therefore the individual distance is higher between strangers, which can 
affect the distribution and movements of birds. It has been suggested that the higher 
levels of aggression in large groups are the result of birds constantly meeting strange 
individuals (McBride and Foenander, 1962). The experiments in this thesis look at the 
association of familiar and unfamiliar birds within small (chapter 5) and large (chapter 6) 
groups. 
1.3.4 Use of available space 
Bird distribution is also affected by housing design and the distribution of equipment. 
There is a tendency for birds to occupy areas around the edge of a pen (Pamment et al 
1983) or outdoor enclosure (Keeling, 1987). Many birds will also tend to use particular 
areas of the house, such as the slats or floor area (Appleby, Hughes and Hogarth, 1989), 
the area of the roost site (Crawford, 1966), and brooders (Newberry and Hall, 1990). 
The location of feeders and drinkers can also determine bird distribution (Tribe, 1980). It 
has also been suggested that by imprinting birds on to such objects it would be possible 
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to restrict the area used by birds (Gvaryahu, et a!, 1987), thus allowing local formations 
of hierarchies and territories and a reduction in aggression. 
Even where space is very limited, such as in cages, hens do not use all areas equally 
(Doyen and Zayan, 1985; Zayan and Doyen, 1985). The spacing under such conditions 
may not be governed by the ideal spacing patterns the birds would choose, but by the 
physical restrictions of the environment and the immediate necessities of the birds 
concerned. In such cases bird spacing is more a product of the environment than of the 
birds' psychology. The behaviour of caged hens at food troughs was discussed more fully 
in section 1.2.2 
The experiments in this thesis look at the ways in which certain aspects of the 
environment affect bird distribution: in particular the use of perches (chapters 3 and 6), 
the use of different floor areas within pens (chapters 5, 6, and 7), and the effects of 





Fig 1.1 Examples showing orientations of feeding birds when given: top - adequate 
cage and trough width; middle - adequate cage width, but restricted trough width; 








FEEDING SYNCHRONY IN NARROW AND WIDE CAGES 
2.1 INTRODUCTION 
In 1.2.2 the feeding synchrony of hens was discussed along with the effects of limited 
space availability on synchronous feeding. In particular the use of narrow and wide 
cages in research of this type was described. 
A number of studies (reviewed by Hughes, 1983) have shown that there is less 
feeding in narrow cages than in wide cages and that egg production is lower. 
However, little research has been conducted on the ways in which these factors are 
influenced by the feeding of individual birds. Hughes (1983) showed how cage shape 
can affect the number of birds able to feed at the same time (his diagram is 
reproduced in fig 1.1) and suggested that this could be the main cause of the 
differences between the two cage designs. Several studies (eg Hughes and Black, 
1976) have shown that four birds feed together less often in narrow cages than in wide 
cages, and it has been suggested that low ranking individuals may tend to be the ones 
that are excluded (Cunningham and van Tienhoven, 1983). Experiments using cages 
with limited access to the food trough have not attempted to establish whether the 
non-feeding birds are motivated to feed when their three cage-mates are feeding, or 
whether they have chosen not to feed. Nor have they established whether these birds 
are frustrated if they are unable to gain access to the food trough. 
Hens housed singly in cages mostly feed in the mornings and evenings, when 
physiological demands are highest, and feed less during the afternoon (Ballard and 
Biellier, 1969). This pattern of feeding has not been reported in narrow cages though 
it is found in wide cages (Hughes and Black, 1976). It has been suggested that 
because in narrow cages access to the feeder is limited at the optimum feeding times, 
birds that are unable to satisfy their appetite at the beginning and end of the day 
compensate by eating more during the middle part of the day (Hughes and Black, 
1976). 
The aim of the current experiment was to determine whether the birds show any 
motivation to synchronise their feeding, and whether the amount of available feeding 
space affects feeding synchrony; and if so, whether the effects are dependent on the 
age of the birds, vary throughout the day, or tend to affect certain individuals more 
than others. 
2.2 MATERIALS AND METHODS 
2.2.1 Animals and housing 
The experimental animals for this study were floor reared ISA Brown laying hens 
which had been beak trimmed to reduce cannibalism. The birds were caged at point of 
lay (18 weeks of age) and wing tagged to enable individual recognition. Three groups 
were used, each of 24 birds, with observations commencing at either 20, 50 or 70 
weeks of age. Commercial mash was fed ad libitum from troughs filled at 08.00h 
each morning. Standard commercial lighting regimes were used with day length 
increasing from 8 to 14 hours over the laying cycle, with lights on at 08.00h. 
Cages measured 450 mm by 600 mm, they had a sloping floor and were 450 mm high 
at the rear. Four birds were housed in each cage. This provided 675 cm2 of floor 
space per bird, 50 percent greater than the E.C. minimum of 450 cm2 . The cages 
were of two types; narrow cages had the food trough positioned along the shorter cage 
axis, providing 112.5 mm of feeding space per bird. Troughs on wide cages were 
positioned along the long axis to provide 150 mm per bird (fig 2.1). Perches of 
variable materials were positioned 175 mm from the rear of each cage (this was part 
of a separate experiment which is described in Appleby et al, 1992b). Water was 
available via nipple drinkers situated in the top corners, at the front of each cage. In 
this position, birds usually had to be positioned near the food trough in order to drink, 
though in wide cages many birds were able to drink from the perches. Initially, for 
each age-group eight narrow and six wide cages were used, though one narrow cage 
was omitted from the 70 week old group due to the death of a bird, reducing the 
number to seven. 
2.2.2 Experimental procedure 
All groups were observed in sessions starting at 09.00, and 15.00h over a number of 
consecutive study days (table 2.1). The 50 and 70 week old birds were also observed 
at 21.00h, which was not possible in the 20 week old birds due to the lighting 
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schedule at this age. Each observation session lasted two hours, during which 
behaviour scans were made every five minutes. 
The 20 week old hens were unfamiliar with human activity and if disturbed would 
often stop feeding, increase vigilance and start calling. This prevented close recording 
of each individual's behaviour, and scans were limited to records of total numbers 
feeding and drinking within each cage, during each scan. These observations were 
conducted by a stationary observer five metres from the birds, and no disturbance was 
evident. 
The two older groups were habituated to the presence of people and it is unlikely that 
their behaviour was affected by the observer's activities. Scans were made by an 
observer walking a circuit around the cages, and observing the birds from a distance 
of about two metres. For these birds, a scan involved simultaneously recording the 
individual behaviour patterns of all birds within a cage. The study was concerned with 
activity at the front of the cage or attempting to gain access to it. For this reason only 
4 main behaviour categories were used, namely; feeding, drinking, vigilance and 
jostling between birds. All other behaviour patterns were categorised as either active 
or inactive. 
2.2.3 Analysis 
For each variable considered (ie, proportion of scans involving feeding, and number 
of cage-mates feeding simultaneously) a mean was calculated for each of the 41 cages 
(14 at 20 weeks, 14 at 50 weeks and 13 at 70 weeks) at each of the three time periods 
(ie averaging records from cage-mates and from the different observation sessions 
shown in table 2.1). These variables were taken as estimates of time spent feeding and 
amount of feeding synchrony, because the behaviour pattern concerned was long 
lasting relative to sampling frequency (Martin and Bateson, 1993). Differences 
between observation times were compared using repeated measures analyses of 
variance, and since there were no significant differences, means were averaged to 
obtain overall means for each of the 41 cages. Using these cage means, the three age 
groups were compared using one way analyses of variance. If there were no 
significant differences between them treatment effects were analysed ignoring the ages 
of the birds concerned (n = 23 narrow cages and 18 wide cages). Two-sample t-tests 
were used to compare data from the two treatments. 
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Some analysis on effect of feeding interference was also carried out on individual 
birds. Data could not be obtained for individuals in the 20 week age group, so this 
analysis concerned the 50 and 70 week old birds, combined after checking that they 
were not significantly different as before (and giving n = 15 narrow and 12 wide cage 
means). For situations involving three feeding birds in a cage of four the fourth 
individual is henceforth referred to as the non-feeder. For each observation session the 
four birds in each cage were ranked according to their frequency as the non-feeder. 
For each cage, using the different observation sessions as replicates, Kendall's 
coefficient of concordance was used to determine whether the non-feeders were a 
random selection of the birds in the cage, or tended to be particular individuals. 
Paired t-tests were also used to compare the levels of jostling recorded amongst non-
feeding individuals with the overall jostling levels for their respective cages. 
The time spent feeding has a direct effect on the numbers of birds expected to be 
feeding together. Expected frequencies were calculated from total feeding times using 
a binomial distribution and compared with those observed. This made it possible to 
analyse synchronous feeding with and without this secondary influence of feeding 
time on synchrony. Paired t-tests were used to compare the observed and expected 
synchrony scores. 
A scoring system was used to describe feeding synchrony. To each feeding bird a 
score of 1 was awarded for each cage-mate which also fed. This was summed across 
individuals to give a group total. As an example, when three birds fed each individual 
fed with two others giving each bird a score of 2 and a total score of 6 for the cage. 


















All calculations in the experiment described in this and later chapters were made using 
Minitab data analysis software, release 7.2. To take into account differences in the 
variance of data sets un-pooled data were used to calculate the degrees of freedom in 
all two-sample t-test calculations. Consequently, calculations with the same sample 
size do not necessarily have the same degrees of freedom. 
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2.3 RESULTS 
The amount of time spent feeding did not vary between the three observation times 
for any of the three age groups (p >0.05 in all cases). The amount of feeding varied 
with age in narrow cages (F =5.78; df=2,20; p  <0.05) but not in wide cages 
(F =2.60; df=2,15; NS), with 50 week old birds feeding the most in both cage types 
(fig2,.2). Although birds from all three age groups showed, on average, slightly less 
feeding time in narrow cages than in wide cages (fig 1.2), the effects were not 
significant when analysed by time of observation, for each age group individually, or 
when all data from the three age groups were combined (p  >0.05 in all cases). This 
may partly have been due to the high variation between rather than within cages, with 
individual cage groups tending to show similar levels of feeding throughout the period 
of observations. For example, in the 20 week age group the average number of birds 
feeding in narrow cages ranged from 1.21 (SE =0. 10 1) in one cage to 1.87 (0.089) in 
another, and in the 50 week old birds in wide cages it ranged from 1.27 (0.060) to 
2.38 (0.077). 
Individuals attempting to gain access to the food trough were often observed to push 
in beside other individuals, eventually forcing them to vacate their position. They 
would also crawl under a feeding bird, climb over it, or peck it until it moved. In the 
15 narrow cages where behaviour was recorded the birds jostled for 0.808 (SE = 
0.110) percent of observations, and in the 12 wide cages for 0.248 (SE = 0.060) 
percent, which was significantly less (t=4.48, df=21, p<O.001). During 
unquantified general observations individuals perching behind others that were feeding 
were often seen to scratch the back of a feeding bird causing it to move, whereupon 
the perched bird would usually take its place. Whether this was a deliberate method of 
obtaining a space at the food trough or whether it occurred unintentionally as a result 
of the bird scratching due to its motivation to forage, was not evident. 
In all three age groups and both cage-types the number of birds most commonly 
observed feeding together was two, followed by one, with four the least often 
recorded (fig 2.3). The only significant differences between the two cage-types were 
when data from the three age groups were combined; two feeding birds occurred 
more often in narrow cages (T=2.02, df=32, p  <0.05) and four feeding birds more 
often in wide cages (T=2.43, df=17, p<O.O5). In both narrow and wide cages four 
birds fed together less often than predicted by a random association for each of the 
three age groups (table 2.2). The occurrence of four feeding birds differed greatly 
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between cages, with some cage-groups frequently feeding together without 
interference, whilst in others it rarely or never occurred. Four birds were never 
recorded feeding together in narrow cages at 20 or 70 weeks of age, and only rarely 
(recorded in five of the eight cages; mean = 0.54% of scans, SE = 0.233) at 50 
weeks. When they did it usually involved one bird on top of another, and was of short 
duration. In wide cages four birds were more frequently seen feeding together; being 
recorded in four cages out of six at 20 weeks (mean = 1.085%, SE = 0. 352), all six 
at 50 weeks (mean = 3.340%, SE = 1.840), and five out of six at 70 weeks (mean 
0.833%, SE = 0.339). 
In narrow cages feeding synchrony varied with age (F=5.71; df=2,20; p  <0.05), 
being highest in the 50 week age group, and for all ages was lower than would be 
expected from random associations of feeding birds (table 5.3). In wide cages feeding 
synchrony did not vary with age (F= 1.98; df=2,15; NS); in the 50 week age group 
there was significantly less feeding synchrony than expected, whilst the 20 and 70 
week age groups did not differ significantly from expected (table 2.3). When the three 
age groups were combined (even though there was variation between the three age 
groups in narrow cages, the groups are combined here to give an indication of the 
overall effect) there was no significant difference between the feeding synchrony in 
narrow and wide cages (t=-1 . 65,  df=26, NS). This was largely the result of the high 
levels of feeding synchrony in the 50 week old birds in narrow cages, which did not 
differ significantly from the synchrony scores from the three age groups in wide cages 
combined (t=0. 16, df=21, NS). However, in narrow cages the synchrony scores in 
both the 20 week age group (t=-2.05, df=20, p<O.OS) and the 70 week age group 
(t=-2.34, df=21, p,O.OS) were lower than the combined scores in wide cages. 
On the occasions when three birds were observed feeding together the individuals 
concerned were in many cages not a random selection of the birds present but 
involved some individuals more, and some less, than others. This was true in 11 of 
the 15 narrow cages analysed, and in 6 of the 12 wide cages (p <0.05 in each case). 
On average, the individual which was most often the non-feeder accounted for 47% 
(S. E. 2.48) of records in narrow cages, and 43% (S. E. 2.55) of records in wide 
cages. This difference between the two cage-types was not significant (t =1.37, 
df=23, NS). 
The behaviour of the non-feeders differed between the two cage designs (see table 2.4 
for results and statistical analysis). Birds in narrow cages were more often recorded as 
jostling than those in wide cages. In both cage-types the amount of jostling recorded 
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amongst non-feeders was significantly higher than that recorded for the birds overall 
(for narrow cages t = 3.48, n =15, p  <0.01; and for wide cages t = 2.62, n =12, 
p <0.05). In narrow cages less observations of non-feeding birds involved vigilant 
behaviour and drinking than in wide cages. The latter may have been because in 
narrow cages perching birds could less easily reach the drinkers than in wide cages, 
because the perches were positioned nearer the rear. From general observations there 
was no indication that non-feeders showed signs of frustration, such as displacement 
preening or pacing behaviour, although since most recording was concerned with 
activity at the front of the cage it could have been overlooked. 
2.4 DISCUSSION 
The motivation of hens to synchronise their feeding behaviour has been suggested by 
several authors (eg Webster and Hurnik, 1994), but in neither narrow or wide cages 
was there more synchrony than would have been predicted by a random feeding 
association, and in most cases there was less. However, the amount of jostling by the 
non-feeders indicated that the hens were motivated to synchronise their feeding 
behaviour. The lower incidence of four feeding birds in narrow cages than in wide 
cages, along with more jostling, suggests that the availability of feeding space was the 
limiting factor, and supports the idea of Hughes (1983) that it is physical space 
limitation rather than social spacing that is the main factor affecting the feeding 
synchrony of caged hens (fig 1.1). 
Hens that are prevented from feeding together can show signs of frustration and spend 
less time feeding (Mills and Faure, 1989). Those that are prevented from feeding due 
to the limited feeding space in narrow cages could be affected in this way, possibly 
leading to the behaviour and production differences between narrow and wide cages 
reviewed by Hughes (1983). In the present study there was a tendency for particular 
individuals to be the non-feeders and any potentially adverse affects on welfare caused 
by feeding space restriction may have particularly affected these birds. Although there 
was no indication of frustration amongst the non-feeders in the current experiment, 
the methodology was not suitable to establish whether frustration occurred or not. 
Studies have shown that plumage damage is higher in narrow cages than in wide cages 
(Hughes and Black, 1976 and 1977). The jostling and scratching of non-feeders could 
be a major contributing factor since both are higher in narrow cages than in wide 
cages. However, even a feeding space allowance of 600 mm is not enough to permit 
complete freedom to feed unhindered, since in wide cages four birds still fed together 
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for less time than expected, and non-feeders showed higher levels of jostling than that 
recorded for the group as a whole. Most of the research on feeding space 
requirements has been conducted on cages where the available trough space is at or 
below 150 mm per bird. These findings suggest that further research is necessary to 
establish the feeding behaviour of hens when more trough space is available (see 
chapter 4). 
Contrary to the findings of Hughes and Black (1976) there was no indication from 
these results that birds in either cage-type spend less time feeding in the afternoon. 
However, no observations were made in the hour immediately after the troughs were 
filled or in the last hour of light, and feeding could have been higher at these times. 
The only effects of age were on the amount of feeding. There were no effects of age 
on the degree of synchrony in wide cages or the behaviour of the non-feeding birds 
(though the latter was not recorded for the youngest age group). This implies that any 
problems that could arise from feeding space restriction in wide cages are not likely to 
affect particular age groups or periods of the day more than others. However in 
narrow cages the 50 week age group showed higher feeding rates and more synchrony 
than the 20 and 70 week old birds. At this age the birds are laying more eggs and 
require more food (Appleby et al, 1992a). This could be an indication that they are 
more motivated to feed and synchronise their behaviour, and that therefore they could 
suffer more from space restriction, but the fact that they are feeding and 
synchronising more could also be an indication that their needs are being met and that 
the birds are able to adapt to suit their needs. 
Chapter 8 includes a general discussion of the feeding space requirements of hens, 














Time 20 50 70 
40 
09.00 4 10 5 
15.00 4 10 5 
30 
21.00 0 6 5 
20 
Table 2.1 Number of observation sessions conducted 
on each age group at each of the 3 time periods. 	 10 
Percentage time feeding 
20 weeks 	50 weeks 	70 weeks 
Fig 2.2 Time feeding in narrow 
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Table 2.2 Tests of feeding associations in narrow and wide cages at different ages: values oft from 























































Table 2.3 Observed and expected synchrony scores (means and standard errors) for the feeding of 
20, 50 and 70 week old hens in narrow and wide cages; also shown are paired t-test statistics 
comparing the observed and expected scores. 
30 
Narrow Wide t df p 
Inactive 55.66 54.71 0.98 24 NS 
(2.98) (2.92) 
Active 39.25 36.00 0.28 21 NS 
(2.79) (3.95) 
Drinking 0.99 6.48 -4.53 14 <0.001 
(0.42) (1.12) 
Jostling 3.88 0.75 3.16 18 <0.01 
(0.93) (0.40) 
Vigilant 0.33 2.39 -2.50 12 <0.05 
(0.19) (0.78) 
Table 2.4 Percentage times spent performing different behaviour patterns ny non-
feeding birds in narrow and wide cages (means and standard errors). 
CHAPTER 3 
PERCHING AND FEEDING SYNCHRONY IN CAGES OF DIFFERENT WIDTH 
3.1 INTRODUCTION 
In chapter 2 the effects of feeding space on feeding synchrony were studied using narrow 
and wide cages. One problem arising from such studies is that cage depth is a 
confounding variable. In addition to there being more feeding space in wide cages there 
is less space available at the rear of the cage, so on average birds in wide cages are 
nearer to the food trough than those in narrow cages. In the current study cage width is 
varied, but cage depth is constant to eliminate this secondary factor (though this makes 
cage area a second variable). 
Hughes' (1983) suggestion that available feeding space limits the numbers able to gain 
access to the food was supported by the study described in the previous chapter. 
However, one limitation of the study was that it only recorded the numbers feeding, and 
did not record the numbers occupying a position at the feeder. A bird at the feeder has 
the opportunity to feed, so even though it may perform a different behaviour it is not 
restricted from feeding by the lack of available feeding space. Also, because only four 
behaviour categories were recorded it was not possible to assess fully the behaviour of 
the 'non-feeding' birds. The current study aims to fill these gaps by recording bird 
position and behaviour in more detail. 
The study also provides information on competitive hierarchies in the cages. Cage shape 
has been shown to affect aggression, with more aggression in wide cages than in narrow 
cages (Choudary et al, 1972; Cunningham, 1981). However, with caged hens aggression 
levels are low (Hughes and Wood-Gush, (1977), making it difficult to establish 
dominance relationships between birds. Indeed, the structure and role of dominance 
hierarchies in battery caged hens is little understood. An alternative method of 
establishing dominance relationships is to use competitive orders. High ranking animals 
have priority over access to resources (Wood-Gush, 1971), so when individuals compete 
for a limited resource, such as a food reward or access to a place which avoids an 
aversive stimulus, the success of each individual against the others can be ranked and 
used to determine dominance relationships. Syme (1974) criticised the methodologies of 
studies using competitive orders on a number of grounds. One was of the length the 
competitive period, another was the habituation to the competitive apparatus. In both 
cases the problem would be reduced by studying groups in their everyday housing 
environment rather than in an experimental situation. 
The previous chapter showed that when feeding space is limited birds are prevented from 
gaining access to the food trough even though they are motivated to feed, and that some 
are restricted more than others. Consequently, the exclusion of birds from the food 
trough can be used to create a competitive order. By measuring this against a second 
measure, such as perching, which hens also synchronise (Appleby, 1995), it would be 
possible to determine whether priority of access to different resources gives a single 
repeatable measure. A number of studies have used two separate measures of 
competitive order, and in some cases the orders have been different; for example, the 
competitive orders of rats varied depending on whether the reward was food or water 
(Baenninger, 1970). One problem with experiments showing such discrepancies is that 
different individuals may have different abilities at gaining access to different resources 
(Syme, 1974). By using closely related measures, such as access to perching or feeding 
space, this problem would be reduced. 
3.2 MATERIALS AND METHODS 
3.2.1 Animals and housing 
Floor reared and beak trimmed ISA Brown laying hens were wing tagged and caged at 
point of lay (18 weeks of age). The birds were fed commercial layers' mash, renewed at 
09.00h daily, in sufficient quantities for food to be continually present. Lighting regimes 
were the same as those in chapter 2. When the observations began, the birds were 30 
weeks old. 
Cages were of a similar design to the wide cages of chapter 2, containing a rear perch 
and being 450 mm deep and 450 mm high at the rear with a sloping floor. Similarly, four 
birds were housed per cage. The main difference was that the cage width, and hence the 
space allowance, was variable. Four cage widths were used: 480 mm, 520 mm, 560 mm 
and 600 mm with corresponding space allowances of 540, 585, 630 and 675 cm2 per 
bird. Food troughs and perches (positioned 15 cm from the rear of the cage) were of 
equal width to the cages providing, respectively, 120, 130, 140 and 150 mm of feeding 
and perching space per bird. 
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Water was delivered via nipple drinkers situated in the top corners at the front of each 
cage. Initially, 24 cages were used, with six replicates of each cage type. However, one 
of each of the 480 and 600 mm wide cages had to be removed from the study because of 
the death of two birds, reducing the number of cages in each of these treatments to five. 
3.2.2 Experimental procedure 
Observations were conducted twice weekly for 11 weeks. Each observation session 
commenced 10 minutes after the birds were fed and lasted two hours. Scan sampling was 
used to record the behaviour of all individuals within a cage at a given instant in a similar 
way to that described in chapter 2. Scans were conducted every 10 mins, producing 12 
scans per session. Twenty behaviour categories were recorded; ie, all those described in 
the ethogram (see appendix) except litter-pecking and nest-box occupancy which were 
not relevant to this study. In addition the position of each bird was recorded. Birds were 
either on perches (perching), on the floor of the cage with their head positioned at or 
beyond the cage front (front), or on the floor with the head positioned elsewhere within 
the cage (floor). 
Before observations began the observer spent time with the birds to habituate them to his 
presence. During scans, the observer had to move from cage to cage to see each of the 
birds' activities. This did not appear to affect their behaviour. 
3.3 ANALYSIS AND RESULTS 
Measurements of usage of the three cage locations, and the synchrony of use, were taken 
as estimates of actual usage because the behaviour was long lasting relative to sampling 
frequency (Martin and Bateson, 1993). 
For each individual the proportion of time perching, on the floor, and at the cage front 
was calculated for each observation session. For each cage the observation sessions were 
used as 22 replicates, and the times spent by the four cage-mates in each of the three 
positions were compared using a repeated measures analysis of variance. Cage-mates 
generally differed in their use of the three cage positions. They differed in the times they 
spent perching in all but one of the 22 cages (see table 3.1). The same was found for time 
at the cage front, which also differed significantly in all but one cage (not the same cage 
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as the one mentioned above for perching). In 14 of the 22 cages there was also a 
corresponding difference in the time spent on the floor. 
For each cage the amount of time spent perching and at the cage front were calculated by 
averaging records from the four cage mates and the 22 observation sessions. The four 
treatments were compared for each of these two measurements using one-way analyses 
of variance. There was no effect of cage width on the amount of time spent perching 
(F=0.45, df=3,18, NS), or at the cage front (F=0.36, df=3,18, NS) (see table 3.2). 
Using the same methods as those described in chapter 2, synchrony scores (and expected 
values) for perching, eating, and time at the food trough were calculated for each cage. 
For each of the three synchrony scores, the four cage widths were compared using one-
way analyses of variance. Observed and expected synchrony scores were compared using 
paired t-tests. Cage width had no effect on the synchrony scores for perching (F=0.54; 
df=3,18; NS), feeding (F=0.85; df3,18; NS), or being at the cage front (F0.20; 
df=3,18; NS). Within all four cage treatments there was less perching synchrony than 
expected, but in none of them did the feeding synchrony or time at the cage front differ 
significantly from that predicted by a random association (see table 3.3 for synchrony 
scores and summary of statistics). 
For each cage the number of occasions when all four birds were perching, and for when 
all four birds were at the cage front, were calculated by averaging records from the four 
cage mates and the 22 observation sessions. For each measurement, the four treatments 
were compared using one-way analyses of variance. All four birds perched at the same 
time more often on larger perches (F=3.16, df3,18, p<0.05) (see table 3.4), but there 
was no effect of cage size on the frequencies of them all being at the food trough 
together (F0.43, df=3, 18, NS). In situations when all four birds in a cage were at the 
food trough 91 % of the time was spent feeding. (see table 3.5 for the time spent 
performing other types of behaviour). None of the behaviour patterns in these situations 
varied with cage width. 
For each bird a record was made of the total number of occasions when it was not 
perching whilst its three cage-mates were perched (non-percher), and when it was not at 
the cage front whilst its three cage-mates were (non-frontal). Table 3.6 shows the 
proportion of time as non-percher and non feeder. On average one bird in a cage was the 
non-feeder on 43.25 percent of occasions and one bird the non-percher on 51.39 percent 
of occasions. Individuals within each cage were ranked according to their frequencies as 
the non-perching and non-frontal birds. Data from the four treatments were all used (a 
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total of 22 cages) to conduct a Kruskal Wallis test to compare rankings as the non-
percher for those individuals which were most, second most, third most, and least often 
the non-feeder. Mann-Witney tests were used to compare the ranks of non-perching for 
each pair of non-frontal ranks. The proportion of time spent as the non-percher was 
negatively correlated with time as the non-frontal bird, with those least often the non-
frontal birds being most often the non-perchers (H=8.78, df3, p<0.05) (tables 3.7 and 
3.8). The levels of aggression were low. Only a total of nine interactions were recorded 
during scans, four of which were to birds from a neighbouring cage. Therefore it was not 
possible to determine dominance hierarchies from aggressive interactions, or to compare 
rank orders based on aggressive interactions with those using competitive order. 
For each individual, a separate time budget was created for the occasions when it was 
the non-frontal and the non-perching bird. For each cage, these time budget data from 
the four cage-mates were combined to create a group time budget. There were no 
significant effects of cage width on any of the behaviour patterns of the non-frontal, or 
the non-perching birds (one-way analyses of variance, p>0.05 in each case). Non-frontal 
birds were recorded as inactive for the majority of the time (67 %), with other common 
activities being preening (10 %) and drinking (7 %) (see table 3.9). 
For each behaviour pattern the proportion of time recorded for those individuals in the 
cage which were most often the non-frontal bird was compared with equivalent data 
from their three remaining cage-mates combined. This was done separately for each 
behaviour pattern with paired t-tests using all of the 22 cages as replicates. Because there 
were far fewer records of non-perching birds than of non-feeding birds, a similar analysis 
to that above was not attempted for those which were most often the non-perching bird. 
The behaviour recorded for those individuals which were most often the non-frontal 
birds did not differ from the behaviour recorded for the three birds in the cage least often 
recorded as the non frontal birds (see table 3.3); the one exception was walking, which 
was recorded less amongst those which were most often the non-frontal birds (t=2.36; 
n=22; p<0.05). Non-perching birds fed in 38 % of scans, with high levels of inactivity 
(24 %), drinking (11 %), and pre-lay squat (10 %). 
The individuals which were most often the non-perchers in a cage averaged less time 
perching than their cage-mates (paired t-test, t3.008, n20, p<O.Ol), and those which 
were most often the non-frontal birds spent less time at the cage front (t=7.68, n=22, 
p<O.001). 
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Since the three cage positions were used equally in the four treatments, data from all 22 
cages were used to analyse whether cage usage changed throughout the study period. 
Each of the 77 days (11 weeks) for which the study lasted were numbered consecutively, 
and used to number the observation sessions. The proportion of time in each of the three 
positions (perch, cage front and floor) was averaged across the 22 cages for each 
observation session. For each of the three positions the average for each session was 
regressed against the number for that day's observation. Over the 11 weeks of the study 
(from 30 to 41 weeks of age) the birds increased their time at the trough (F6.06; 
df=1,20; p<0.05), with an average of 48.64 % (Se = 0.71) over the first 11 observation 
sessions and 51.24 % (0.83) over the last 11 (see fig 3.1). There was also a decrease in 
perching (F=9.36; df=1,20; p<O.Ol), with 38.47 % (0.53) over the first 11 sessions 
compared with 36.14 % (0.60) over the last 11. Time spent in the floor position did not 
change (F0.37; df1,20; NS). 
3.4 DISCUSSION 
There was no clear indication that birds were highly motivated to synchronise their 
perching behaviour; there was no jostling recorded amongst the non-perchers, or any 
indication that the birds were frustrated by their inability to get to the perch. The non-
perchers were often (10 %) in the final stages of pre laying behaviour (pre-lay squat). At 
this stage of pre-laying behaviour hens are also often recorded as inactive, which 
accounted for a further 24 % of the time of non-perchers. During the periods prior to the 
egg being laid hens often try to avoid other birds and can be highly aggressive to those 
which approach (Hughes, 1979). With a high ranking bird in pre-lay on the floor it would 
be logical for the other birds to move onto the perches to avoid it. This would fit in with 
the findings that perch exclusion negatively correlated with feeder exclusion. This 
highlights a limitation of using competitive orders to measure social hierarchies, because 
unless it can be established that all individuals are equally motivated to gain a place in the 
order, the order has no meaning. In the current study there was a competitive order for 
perching, but this may well have been measuring the motivation to move away from an 
aggressive bird, rather than motivation to perch. The results suggest that a hierarchy of 
birds based on their access to the cage front may be analogous to a hierarchy based on 
aggressive interactions, but without the available data to test this it cannot be 
determined. However there is a clear indication that particular individuals have priority of 
access to the resources within a cage, and that a hierarchy exists with or without there 
being many aggressive interactions. Perhaps, with so few birds in such a confined area 
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each individual is very aware of its status, so reducing the need for aggressive 
interactions. 
From the results there was little indication that over the range studied cage 
width/stocking density affected the behaviour of hens. A number of studies have shown 
such effects (eg many of the studies reviewed by Hughes, 1983), and in most cases these 
studies had a far higher sample size than the study presented here. However, although 
the sample size may not have been large enough to detect these effects, due to the high 
variation between cages, it does indicate that within this range cage size has, at most, a 
subtle effect on hen behaviour. 
When non-frontal birds are jostling for a place at the cage front it seems that they are 
attempting to feed, rather than just to be with the others. This was evident from the high 
proportion of scans involving feeding (over 90%) in situations when all birds were at the 
cage front together. Hens are motivated to feed together and although some are 
prevented from feeding in synchrony more than others, non frontal birds showed similar 
behaviour regardless of how often they were non frontal birds. This suggests that for any 
given occasion individuals will be equally affected by not being at the cage front, though 
some are more affected because it happens to them more often. 
As the experiment progressed the birds would have needed more food because of their 
increase in body size and higher rates of egg laying. This corresponded with more time 
being spent at the food trough and less perching which, like the experiment in the 
previous chapter, indicates that they are able to adapt their feeding to satisfy a change in 
motivation even when space is limited. These results show that the birds' times of feeding 
are not as highly governed by the amount of available feeding space as suggested by 
Hughes and Black (1976) (see section 2.1). 
The high degree of difference between cage-mates in the behaviour they express, the 
synchrony of behaviour, and cage usage all have important welfare implications. 
Measurements of well-being which are based on group averages may not detect the fact 
that particular individuals may be suffering more than others. Cage design should take 
into account the fact that the needs of individuals may differ from the average needs of 
the group. This is an area needing further study. 
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NS 	p<0.05 	p<O.Ol 	p<0.001 
Perch 	1 	 3 	 3 	 15 
Floor 	8 	2 	4 	8 
Front 	1 	 3 	4 	 14 
Table 3.1 summary of probability levels for repeated measures analyses of 
variance comparing cage-mates in each of 22 cages for the times spent in 
each of three positions within the cage (see text for details of analysis). 
Cage width 480 	520 	560 	600 
Perch 	35.85 	38.59 	37.29 	37.18 
	
(2.00) (1.15) (1.17) (2.39) 
Front 	47.82 	49.19 	50.96 	50.77 
(2.67) (2.41) (2.01) (2.68) 
Table 3.2 Percentage time spent perching and at the cage front (with 
standard errors in brackets) of hens in cages of different width. 
Cage width 	 480 	 520 	 560 	 600 
Obs 	Exp 	Obs 	Exp 
Perching 	 1.125 	1.562 	1.340 	1.795 
(0.124) (0.165) (0.074) (0.107) 
t 	 -7.32 	 -10.38 
n 5 6 

































Feeding 	 2.197 	2.090 	2.198 	2.133 
	
(0.286) (0.237) (0.171) (0.189) 
t 	 1.88 	 0.95 
n 5 6 
p 	 NS 	 NS 
Cage front 	 2.841 	2.778 	2.901 	2.938 
(0.414) (0.318) (0.283) (0.282) 
t 	 0.59 	 -0.43 
n 5 6 
P 	 NS 	 NS 
Table 3.3 Observed and expected synchrony scores (means and standard errors) in each of 4 cage widths; with statistics for paired t-tests of observed 
and expected scores. 
Cage width 480 520 560 600 
Four 0 0 0.60 0.16 
perching (0.27) (0.16) 
Four at 5.24 4.50 3.77 6.50 
cage front (2.26) (1.73) (0.63) (2.46) 
Table 3.4 Percentage of observations involving four perching birds and 
four at the cage front (with standard errors in brackets) of hens in 
cages of different width. 
Eating 91.32 (1.63) 
Inactive 5.88 (1.15) 
Vigilant 0.85 (0.36) 
Scratching 0.51 (0.26) 
Jostling 0.17 (0.12) 
Bill-peck 0.54 (0.27) 
Food manipulate 0.27 (0.14) 
Other 0.25 (0.11) 
Table 3.5 Time budget (%) of caged hens (means and 




Most 	Second 	Third 	Least 
Non-perchers 
	
51.39 	28.50 	14.71 	5.40 
(3.29) (1.83) (1.86) (1.13) 
Non-frontal 	 43.25 	27.40 	18.55 	10.79 
(1.94) (1.16) (1.20) (0.87) 
Table 3.6 Average time (percentages, with standard errors in brackets) as the 
non-percher and non-frontal for individuals in groups of four which are most, 
second most, third most, and least often recorded as non-perching and non-
frontal birds in their cage. 
Non-frontal ranks being compared W p 
Most 	v 	Second 482 NS 
most 
Most 	v 	Third 505 NS 
most 
Most 	v 	Least 583 <0.05 
Second 	v 	Third 517 NS 
most most 
Second 	v 	Least 631 <0.01 
most 
Third 	v 	Least 567 NS 
most 
Table 3.7 Statistics for Mann-Witney tests comparing ranks as the 
non-percher for birds which were the most, second most, third most and 
least often the non-frontal (n=22 in each case). 
Rank as non-feeder 	Mean (S.E.) rank as non-percher 
1 	 2.68 (0.25) 
2 	 2.82 (0.18) 
3 	 2.59 (0.26) 
4 	 1.91 (0.16) 
Table 3.8 Mean rank as the non-percher in comparison to the birds 
ranks as the non-feeder. A low rank number refers to a high frequency 














Eating 37.73 (4.77) - - - 
Inactive 23.57 (3.50) 66.97 (1.81) 70.13 (2.75) 64.14 (2.26) 
Walking 5.15 (1.55) 3.78 (0.63) 2.32 (0.59) 4.91 (1.04) 
Vigilant 3.06 (0.93) 1.02 (0.29) 0.63 (0.30) 1.27 (0.37) 
Drinking 11.39 (3.20) 6.78 (0.86) 5.89(l.40) 7.47(l.01) 
Jostling 0 2.11 (0.33) 1.82 (0.47) 2.65 (0.63) 
Preening 2.15 (0.96) 9.97(l.03) 8.11(l.55) 11.50 (1.40) 
Calling 1.98(l.19) 2.69 (0.46) 2.80 (0.69) 2.64 (0.55) 
Scratching 3.56 (2.37) 1.92 (0.43) 2.27 (0.64) 1.56 (0.48) 
Feather-pecking 0.28 (0.28) 1.60 (0.66) 1.40 (0.44) 1.58(l.00) 
Pre-lay squat 9.93 (3.34) 0.87 (0.37) 1.07 (0.58) 0.80 (0.54) 
Other 1.66 (0.81) 2.29 (0.38) 3.57(l.03) 1.48 (0.44) 
Table 3.9 Behaviour (mean and standard errors) of birds which are not perching or at the cage front whilst 
their 3 cage-mates are; averages for birds in general, for those which are most often the non-frontal birds 
in their cage, and for the 3 birds in the cage least often recorded as the non-frontal (n = 22 in each case). 
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Week of study 
Fig 3.1 Percentage of time perching 
and at the cage front during an 11 week 
study, begining at 30 weeks of age. 
CHAPTER 4 
EFFECT OF SPACE ALLOWANCE ON TIME BUDGETING AND SYNCHRONY 
OF BEHAVIOUR, AND ON SPACING AT A FOOD TROUGH 
4.1 INTRODUCTION 
The space provided for battery hens (currently a minimum of 450 cm2 of floor space 
per bird within the European Community) has been widely criticised for restricting 
behaviour (eg, Harrison, 1964; FAWC, 1986; Dawkins and Hardie, 1989). It is 
perhaps surprising, therefore, that the effect of space allowance on the behaviour of 
caged hens has been so little studied. Dawkins and Hardie (1989) have shown how 
behaviour patterns in unrestricted environments often require more space than is 
provided in commercial situations. Nicol (1987) studied the effects of space allowance 
on the time budgets of hens housed in pairs, and found that certain comfort 
behaviours were affected by space allowance. Several other studies have considered 
the effects of space allowance on behaviour, though have had confounding variables 
such as group size (eg Eskeland, 1977) or differences in housing design (Bareham, 
1976). A study examining the effects of space allowance on behaviour is presented in 
this chapter. 
Hens are motivated to feed in synchrony (chapter 2), and a number of studies have 
shown that space allowance can effect the amount of feeding synchrony that occurs 
(eg, many of those reviewed by Hughes, 1983). Most research involving behavioural 
synchrony has been conducted on feeding, and where space is the dependent variable 
all studies on the synchrony of hens have involved feeding behaviour. Here it is hoped 
to widen this area of study to include the effects of space allowance on the synchrony 
of other behaviour patterns. 
The results of the experiments described in the previous two chapters show that the 
behaviour recorded for a cage group is relatively consistent for different observation 
sessions, but differs markedly between cages. Because of this the sample size of any 
experiment comparing different cages has to be high in order to eliminate the effects 
of individual differences. This limited the effectiveness in some parts of the previous 
two experiments. An alternative to using large sample sizes is to test each group in 
each of the treatments. This approach is used in the current study. 
In the experiments described in chapters 2 and 3 the feeding space allowance was 
around the minimum levels at which four birds could feed at the same time. The 
results suggested that physical limitation rather than social forces were acting to 
prevent the birds from feeding in synchrony, and highlighted the need for a further 
study covering a wider range of space allowances. This is conducted in the current 
experiment. 
4.2 MATERIALS AND METHODS 
4.2.1 Animals and housing 
Forty-eight ISA Brown laying hens were placed in groups of four in 12 experimental 
cages at 70 weeks of age. For the previous 50 weeks (since point of lay, at 20 Weeks) 
they had been housed in the narrow cages of chapter 2, and represented the 50 week 
age group of that experiment. Original cage groupings were maintained to prevent any 
increase of aggression. For the first four weeks a pilot study was conducted to 
familiarise the birds with the experimental procedure. The birds were on a 16 hour 
day length throughout the experiment (lights on at 08.30) and fed commercial mash 
from a food trough re-filled at 08.50 each morning, though food was always present. 
The amount of food placed in each trough was accurately measured. 
Cages measured a constant 450 mm in depth and 450 mm in height at the rear with 
the floor sloping towards the front of the cage for egg collection. Six cage widths 
were used; 420, 660, 780, 900, 1020 and 1140 mm, and giving space allowances of 
472, 742, 877, 1012, 1147 and 1282 cm2 respectively per bird. Cages were identical 
in all other respects. Vertical bars divided the cage fronts into a series of discrete, 60 
mm wide, numbered 'feeding positions' (fig 4.1). This gave the six cage widths 7, 
11, 13, 15, 17, and 19 feeding positions respectively. The food trough spanned the 
full width of the cage, and could be removed for weighing. Water was provided from 
nipple drinkers positioned high up at the rear of the cage. 
4.2.2. Experimental procedure 
The study was conducted over six weeks, during which every group spent one week 
in each of the six cage sizes. Birds were moved such that two cages of each size were 
in use at any one time. The hens were moved into their respective cages on day 0 of 
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each week, and then allowed four full days familiarisation and settling time, with 
observations being conducted on days 5 to 7. After the last observation session on day 
7, the birds were moved to their respective cages for the following week. Thus day 7 
of a given week was day 0 of the following week. At the end of each week the food 
refusals were weighed and total weekly consumption calculated for each cage. A 
record was also kept of the numbers of eggs produced per cage. 
Two observation sessions were made on each of days 5, 6, and 7 at 09.00 and 15.00. 
Each observation session lasted for two hours. Scans were conducted every 10 
minutes, providing 12 per two hour session. Behaviour was categorised using the 20 
types referred to in section 3.2.2, and described in the ethogram (see appendix). 
During each scan a record was also kept of the feeding position occupied by any bird 
which had its head protruding through the bars of the cage front. The birds were used 
to human observation, and it is considered unlikely that the observer had any 
influence on the behaviour which was recorded. 
4.2.3 Analysis 
Six cage sizes were used in the study but the sizes available represented an uneven 
design. For this reason data from the 780 and 1020 mm wide cages are not presented 
here. The remaining four cage sizes cover the full range studied, with a width 
increase of 240 mm between each. None of the results or statistical analyses include 
data from the two excluded cage sizes. However, initially the data from all six cage 
sizes were analysed together to determine whether the removal of these cages would 
affect the results. In all cases the data from the two excluded cage sizes was of a 
similar pattern to that seen in the four used, and their removal did not change the 
pattern of the results or lead to an increase in significance levels. 
For each observation session the proportion of scans involving each of the 20 
behaviour patterns (and including food consumption) was calculated for each cage. 
For each cage these data were averaged across the three morning observation sessions 
and the three afternoon observation sessions in each week. For each of the four 
treatments, morning and afternoon mean scores for the 12 cage groups were compared 
for each behaviour pattern using paired t-tests. After checking for time of day 
differences, morning and afternoon data were averaged to create a time budget for 
each of the 12 cage-groups in each treatment. The only behaviour pattern which 
showed consistent differences between the two time periods was dust-bathing, so 
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further analyses of dusbathing data were conducted separately on the morning and 
afternoon data (however, the combined data is still presented in tables 4.1 and 4.2 to 
give an indication of the overall effect). Because of the large number of analyses 
conducted on the differences between the two time periods, some chance differences 
would be expected. For this reason, two results with no clear pattern (ie, more 
drinking in the morning in 660 mm wide cages, and more vigilance in the morning in 
900 mm wide cages) were not taken to indicate meaningful differences, so data for 
drinking and vigilance were combined for the analyses of treatment effects. 
Comparisons between the different cage sizes for effects on behaviour or food 
consumption were made using repeated measures analyses of variance. Comparisons 
between any two cage widths were made using paired t-tests. 
For each behaviour pattern synchrony scores were calculated for each cage-group in 
each treatment using the same methods as those described in 2.2.3., and expected 
synchrony scores were calculated using the time budget data. The frequencies of many 
behaviour patterns were affected by cage size, which consequently affected the 
expected synchrony scores (for example, the levels of preening increased with an 
increase in cage size so more preening synchrony would be expected). By expressing 
synchrony scores as standardised residuals (the observed minus the expected divided 
by the expected), the observed is expressed in relation to the expected. Therefore the 
effect of cage size on behaviour is removed, leaving only the effect of cage size on 
synchrony. Cage sizes were compared with repeated measures analyses of variance 
using the standard residuals of synchrony scores averaged for each cage. 
Using the data on feeding position, the feeding separation of birds was calculated for 
each cage for the occasions when three and four birds were observed feeding together. 
For each pair of birds occupying a position at the feeder, with no bird between them, 
the feeding separation was calculated as the number of vacant positions between them 
plus one (ie, when four birds occupied positions at the feeder, three measures of 
separation would be obtained). Each feeding position was 60 mm wide, so as an 
example, birds in adjacent positions would have a feeding separation of one (ie, with 
60 mm separating the centres of the two occupied positions). Expected feeding 
separations were obtained for each cage size by calculating the different permutations 
and combinations of feeding position for which three and four birds could feed from 
the positions available to them. Observed and expected feeding separations were 
compared using paired t-tests. 
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4.3 RESULTS 
4.3.1 Qualitative effects on behaviour 
Behaviour was affected by cage size in both a qualitative and a quantitative way. The 
former was noted during general observations but without data to measure the effects. 
The behaviour patterns most affected in a qualitative way were walking and preening. 
In the smallest cage the hens walked more slowly, usually in short, single steps. This 
gave the appearance of a shuffling motion. In the larger cages birds made longer 
strides, often involving many paces, and generally moved faster. In smaller cages 
more time was spent preening the anterior feather tracts; the neck, mantle and chest 
feathers and the covert feathers on the closed wing. In larger cages, in addition to the 
above regions, it was common for the birds to preen the flight feathers of the wing 
and the posterior region of the body, including the tail and tail coverts. The latter 
areas often required the birds to part-spread their wings, ruff up the feathers and 
contort the body shape to reach the required area with the bill. Birds preening in this 
way appeared to use considerably more space than birds preening anterior body 
regions, which may have accounted for the effect of cage size. 
4.3.2 Time budgets 
Although cage size affected the behavioural time budgets of the hens, not all 
behaviour patterns were affected (Table 4.1 and figs 4.2 and 4.3). No clear 
relationship was evident between cage size and the 'inelastic' behaviour patterns, 
feeding and drinking. A significant difference (see table 4.1 for analyses of variance 
of time budget data) was found for the frequency of drinking behaviour in different 
cage sizes though without any clear pattern being evident. It is possible that this may 
have been caused by the distribution of nipple drinkers at the rear of the cage which 
were fixed and not possible to standardise between cages. Although cage size had no 
significant effect on feeding behaviour, there was a significant effect on food 
consumption. This was particularly due to the low levels of food consumed in the 
smallest cage, which was less than in the second smallest (t=-2. 17, n= 12, p  <0.05) 
(table 4.1); this represented an average of 6% less food being consumed. There were 
no differences in consumption between the three larger cages (f= 1. 65, df=2,22, 
NS). 
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Preening, walking and bill-wiping all increased with cage size (table 4.1 fig 4.2). 
Scratching also increased with cage size, but the effect was only between the two 
smallest cages (t=-3.43, n= 12, p  <0.01). A similar pattern occurred with dust-
bathing (using only the afternoon data; there being too few records of dust-bathing in 
the morning for any analysis to be conducted), but the difference between the two 
smallest cages was not significant (t=-1. 74  n= 12, NS), neither was there any effect 
across the four cage widths (F=0.94; df=3,33; NS). A number of behaviour patterns 
appeared to be largely unaffected by cage size. These included; feather-pecking, 
calling, cage-pecking and inactivity. Jostling and vigilance, showed significant 
decreases with increased cage size (table 4.1 and fig 4.2). In both cases the greatest 
decrease in behaviour occurred between the two smallest cages. 
Although various relationships occurred between cage size and the frequencies of the 
different behaviour patterns, in many cases it was noticeable that much, and in many 
cases all, of the effects were only evident between the two smallest cages. 
4.3.3 Behavioural synchrony 
From general observations it appeared that groups in larger cages showed more 
socially facilitated behaviour than those in smaller cages; social facilitation occurred 
to some extent with almost all behaviour patterns, though was particularly noticeable 
with preening, feeding and drinking. Often a single individual would cease one 
activity and start performing a second, and the other birds would then change to this 
activity themselves. In cases where the behaviour was of short duration, such as 
drinking, all four birds would thus perform the activity but not necessarily at the same 
time, the first bird having finished before the last bird had started. Table 4.2 shows 
the synchrony scores (expressed as standard residuals) for the different behaviour 
patterns in each of the four treatments. Although the synchrony of both eating and 
preening increased with cage size it is noticeable that there was no effect on drinking 
despite a high degree of social facilitation being evident during general observations. 
This may have been because scan sampling primarily records synchrony at given 
instances rather than the transition of group activities. Unfortunately no data were 
taken concerning the birds that initiate these transitions. 
Although cage size had no effect on the amount of time spent eating and inactive there 
was an effect on the synchrony of both, whereas certain behaviour patterns where the 
time budget was strongly affected by cage size (eg vigilance, scratching, and bill- 
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wiping) were unaffected in terms of synchrony (table 4.2). Jostling synchrony 
decreased with cage size. Birds were often seen to jostle back against a bird which 
had jostled them, thus increasing jostling synchrony. Therefore, because of the very 
nature of the behaviour more jostling synchrony would be expected where the levels 
of jostling are high (even taking into account the effects of chance). In a similar way, 
walking birds would often disrupt stationary birds forcing them to move, which may 
have led to the increased walking synchrony in larger cages. Whether there was any 
motivation to synchronise these activities was not evident. An analysis of dustbathing 
synchrony using only the afternoon data, revealed no significant treatment effect 
(F=0.79; df=3,33; NS). 
4.3.4 Spacing of feeding birds at a food trough 
In all four cages the spacing between three and four birds followed a similar pattern 
(an example of which is presented in fig 4.4). The most noticeable effect was that in 
all cage sizes birds almost never fed in adjacent feeding positions (a feeding 
separation of one). This was because with feeding positions centred 60 mm apart there 
was insufficient room for birds to stand side by side and reach the food. It was also 
evident that large feeding separations rarely occurred in any of the cage sizes. This 
was at least in part because it was only possible for a bird to feed with the largest 
separation when the other birds were feeding in adjacent feeding positions at the 
opposite end of the cage. Since adjacent feeding positions were rarely occupied, the 
highest feeding distances could not often occur either. 
For feeding separation to be more easily assessed, the data were re-analysed after all 
scans involving feeding separations of one had been removed, and expected values re-
calculated accordingly. This gave a more realistic picture of the spacing patterns 
occurring. Again, all cages showed a similar pattern of spacing when three or four 
birds fed (fig 4.5), the exception being the separation between four feeding birds in 
the largest cage where there was no significant difference between the observed and 
that expected by chance. In all other cages the larger feeding separations were still 
used less than expected, with feeding separations of two or three being the most 
common. Feeding birds associated significantly more closely together than expected 
by chance in all but the largest cage (table 4.3). This implies that although birds 
avoided physical contact at the feeder (ie adjacent positions) they tended to group 
nearer to one another than expected by chance. After feeding separations of one had 
been removed, analysis of the separations of four feeding birds in the smallest cage 
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was meaningless because the only possible way in which four birds could feed was the 
same as the expected (ie, with a feeding separation of two between each bird). 
4.4 DISCUSSION 
Although feeding behaviour was not affected by cage size, food consumption was. 
Feeding is generally considered to be an inelastic behaviour (Dawkins, 1983; Hill et 
al, 1986), so for space allowance to affect consumption must cause serious concern 
for the birds' welfare. A fuller discussion of these effects is made in the final chapter 
(section 8.1.1). 
In the larger cages the birds preened the entire body, but in smaller cages they only 
preened the anterior feather tracts. This appeared to be the direct result of insufficient 
space for the birds to preen the posterior feather tracts. It has been shown that on 
average an unrestricted hen utilises 1151 cm 2 during preening (Dawkins and Hardie, 
1989). Since a standing bird occupies 475 cm2 it would not have been possible for a 
hen to preen in this way in a cage with 1890 cm 2 (472.5 cm2 per bird) of floor space 
(the smallest studied) housing three other birds. Bill-wiping does not appear to require 
much room, so space restriction is probably acting to prevent birds from gaining 
access to a suitable hard surface on which to wipe the bill. Similarly, in small cages 
the amount of scratching is probably limited by restricted access to the food trough as 
well as by limited space to move once access has been obtained. On average hens use 
856 cm2 of space when scratching in an unrestricted environment (Dawkins and 
Hardie, 1989). 
In addition to the effect of physical restriction there may be a psychological effect of 
space availability on the motivation to perform certain activities. Those largely 
stimulated by environmental conditions, such as dust-bathing (Dawkins and 
Beardsley, 1986), may be limited by the lack of a stimulus to induce behaviour, and 
this may be exacerbated by a crowded environment. In larger cages time budgets may 
also be affected by birds being motivated to synchronise behaviour with their cage-
mates. Hens were much more vigilant in small cages than in large ones. Studies of 
wild bird species have shown that rates of vigilant behaviour are dependent on 
predation risk (eg Kenward, 1978). In small cages, hens are so close to one another 
that movements are restricted. In this situation they may feel that escape is difficult 
and that early predator detection is therefore necessary. 
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Space restriction may lead to physical problems. It has been shown that lack of 
exercise can lead to a weakening of the leg bones and increase the chances of 
breakage during transport (Knowles and Broom, 1990). Therefore the restriction of 
walking in small cages may indirectly lead to a reduction in welfare. Problems may 
also occur from the restriction of bill-wiping. Its main function is to clean the bill 
after feeding, but it has also been shown in other species that bill-wiping has an 
important function in honing the bill, and that failing to bill-wipe results in beak 
malformations (Cuthill et al, 1992). In battery systems beak malformations are 
common and can lead to problems (Fickenwirth et al, 1985). The current research 
may indicate a potential link. With more space this might be prevented or reduced. 
Although housing density is known to affect feather pecking (Blokhuis and van der 
Haar, 1989), it was found to have no effect in the current study. It might have been 
predicted that since hens peck at damaged plumage (Leonard et al, 1995), which is 
likely to occur more often in small cages where there is more jostling, there would be 
more feather pecking in small cages. However, since all the birds experienced a 
similar variety of cage conditions they all had similar plumage condition. Thus no 
differences in feather pecking would be predicted for this reason alone. The only 
conclusion which can be made is that plumage conditions being equal, cage size does 
not affect the levels of feather-pecking. Whether there are indirect effects caused by 
plumage damage from jostling cannot be determined from these findings. 
Evidence from this and the previous two chapters confirm suggestions that birds are 
motivated to feed in synchrony. There were also suggestions that there was motivation 
to synchronise other behaviour patterns, such as preening and inactivity. However, 
since a number of activities are synchronised one would also expect inactivity to be 
synchronised. Some synchrony may occur because of the nature of the behaviour 
involved; jostling birds and walking birds can disrupt others causing an increase in 
synchrony, without there necessarily being any motivation to synchronise. Because of 
this it is difficult to ascertain from the results which of the behaviour patterns were 
synchronised because of the birds' motivation and which arose for other reasons. 
From general observations it was evident that drinking was socially facilitated, but 
there was no indication of any motivation to synchronise, particularly on the part of 
the individuals initiating the behaviour transitions. 
It is difficult to determine the effects on hen welfare of housing designs that do not 
permit behavioural synchrony, except when the behaviour is feeding. Birds which are 
motivated to feed in synchrony will jostle other birds which could lead to physical 
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damage, but there is no indication that hens are motivated, say, to preen in 
synchrony, or that they will suffer if prevented. 
Where suitable space was available groups of hens would tend to associate whilst they 
fed, though close physical contact was avoided. These findings suggest that although 
commercial feeding space allowances can lead to problems, a small increase would be 
enough to allow the birds to feed in synchrony. However, although the birds tended to 
associate with one another there was still an increase in feeding synchrony over the 
entire range of cage sizes studied, including between the 900 and 1140 mm wide 
cages, suggesting that there may be a social influence as well. 
Although space per se is not the only issue - eg, the need for litter (Black and Hughes, 
1974), perches (Duncan et al, 1992) and nest boxes (Appleby, 1990) have been 
suggested, - the effects of space allowance on time budgets, synchrony, and the 
manner in which behaviour is performed can leave little doubt that an increase in 







Fig 4.1 Plan of an experimental cage, showing 
the moveable partition for varying cage width 
and number of available feeding positions 
(up to a maximum of 19). 
420mm 	 660mm 	 900mm 	 1140mm 	df 	F 
Eating 44.65 (2.10) 45.23 (1.79) 42.33 (1.26) 42.71 (1.72) 3,33 1.36 
Inactivity 29.69 (2.22) 19.79 (2.18) 19.82 (1.89) 17.77 (1.97) 3,33 0.41 
Preening 9.09 (0.61) 10.94 (0.98) 13.60 (0.95) 14.21 (0.94) 3,33 10 . 77*** 
Vigilance 10.30 (1.08) 6.77 (1.12) 5.84 (0.78) 6.28 (0.81) 3,33 7 . 11*** 
Drinking 4.25 (0.42) 4.51 (0.62) 5.93 (0.61) 3.21 (0.39) 3,33 475** 
Walking 0.93 (0.18) 2.34 (0.28) 3.59 (0.31) 4.98 (0.40) 3,33 31 . 83*** 
Scratching 0.98 (0.20) 3.12 (0.58) 2.63 (0.41) 2.63 (0.30) 3,33 6 . 06** 
Feather-pecking 1.97 (0.35) 1.68 (0.33) 1.53 (0.25) 1.48 (0.25) 3,33 0.55 
Cage-pecking 1.16 (0.19) 1.19 (0.29) 1.21 (0.26) 2.00 (0.48) 3,33 1.45 
Jostling 2.72 (0.35) 1.04 (0.32) 0.46 (0.11) 0.35 (0.12) 3,33 20 . 69*** 
Dust-bathing 0.53 (0.16) 0.93 (0.19) 0.84 (0.21) 0.81 (0.22) 3,33 0.67 
Calling 0.55 (0.20) 0.52 (0.13) 0.61 (0.18) 1.07 (0.44) 3,33 1.14 
Bill-wiping 0.06 (0.04) 0.23 (0.08) 0.32 (0.08) 0.67 (0.17) 3,33 5 . 28** 
Food cons. 125.25 (2.86) 135.57 (3.00) 132.77 (2.56) 129.49 (2.92) 3,33 3 . 07* 
Table 4.1 Time budgets (% of observations with S.E. in brackets), food consumption (gfbird/day) and analyses of variance comparing 
cages of variable width/floor area (* = p<0.05, ** = p<0.01, 	= p<0.001). 
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Fig 4.2 Effect of cage size on the proportion of time hens 
were observed performing a selection of behaviour patterns. 
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Fig 4.3 Effect of cage size on the 
proportion of time hens were observed 
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2.040 (2.220) 
- 0.083 (0.765) 
- 0.467 (0.533) 
5.07 **  
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Table 4.2 Synchrony scores (expressed as standard residuals, with S.E. in brackets), and analyses of variance comparing cages of variable 
width/floor area (* = p<0.05, ** = p<O.Ol). A standard residual of one indicates 100 % deviation from expected, two indicates 200 % etc 
(negative values indicate observed less than expected). 
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Distance between feeding hens (x 60mm) 
Fig 4.4 Observed and expected feeding separations 
(each of 60 mm) in a cage 900 mm wide (with 15 
feeding positions), when four hens were 
feeding. Observations involving feeding separations 
of one are included. 
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Fig 4.5 Observed and expected feeding separations 
(each of 60 mm) in a cage 900 mm wide (with 15 
feeding positions), when 3 (A) and 4(B) hens 
were feeding. Observations involving feeding 
separations of one are removed. 
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420 mm 	obs 2.22 (0.03) 2.00(0) 
(7) 	ex 2.5 2.00 
t -8.74 - 
p <0.0001 - 
660 mm 	obs 3.21 (0.11) 2.56(0.05) 
(11) 	ex 3.5 2.77 
t -2.58 -4.54 
p <0.05 <0.001 
900 mm 	obs 3.98 (0.10) 3.22 (0.06) 
(15) 	ex 4.5 3.60 
t -5.23 -6.01 
p <0.001 <0.0001 
1140 mm. 	obs 5.22 (0.15) 4.25 (0.14) 
(19) 	ex 5.5 4.17 
t -1.89 0.45 
p <0.1 >0.1 
Table 4.3 Average distances (feeding space separations, each 60 mm 
in width), observed (with S.E. in brackets) and expected, between 
birds when 3 or 4 were feeding together in cages of variable width. 
T-test statistics are presented for comparisons between observed and 
expected values (n = 12 groups in all cases). 
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CHAPTER 5 
ASSOCIATIONS BETWEEN FAMILIAR AND UNFAMILIAR HENS 
5.1 INTRODUCTION 
Hens identify other individuals largely through visual cues (Schelderup-.ebbe, 1922; Guhi 
and Ortman, 1953), and are able to recognise up to at least 96 other individuals and 
maintain a dominance hierarchy (Guhl, 1953). Fighting occurs when strange hens are 
mixed (Guhi, 1953), and birds associate with those with which they are familiar (Keeling 
and Duncan, 1985). Maier (1964) showed that when pairs of familiar birds were housed 
individually in neighbouring cages for three weeks they fought again on contact. 
Therefore, although visual recognition is important, it has been shown that physical 
contact is also needed to maintain dominance relationships. 
Fighting between strange birds is a serious welfare problem because of both the physical 
damage caused and the stress of conflict. Such effects can also have an economic effect, 
through losses of productivity (Guhi and Allee, 1944). The effects are often made worse 
by the fact that hens are often housed in groups of several thousand birds, in which it is 
unlikely that all birds can recognise one-another. Hens avoid passing close to strange 
individuals (Grigor, 1993; Freire, 1994), and it has been suggested that this could 
influence their movements within a poultry house, and the number of birds moving out-
doors in free-range systems. McBride and Foenander (1962) proposed that in large 
groups aggression levels are high because individuals are continually meeting strange 
birds with which they have not established dominance. The birds are therefore 
continually fighting to establish status with strange individuals. However, Grigor (1993) 
showed that individuals in large groups did not react in the same way (ie, aggression and 
fearfiillness) to passing strangers as they did in paired meetings. 
There are several ways of reducing aggression. One is to beak trim the birds, though this 
has been criticised on welfare grounds (Gentle, et al, 1990). Another method of 
preventing such high levels of aggression is to reduce the light intensity. Because hens 
use visual cues to recognise one another (Wood-Gush, 1971), it is thought that lower 
lighting levels prevent the birds from telling that neighbouring birds are strangers, thus 
reducing the need to fight (Hughes et al, 1974). However, the welfare of such lighting 
systems has also been brought into question (Nuboer, 1993). 
The grouping of familiar and unfamiliar birds has been little studied. Without a better 
understanding of the effects of bird familiarity on associations and aggression, it is 
difficult to interprete the situation in more extensive situations. The current experiment 
looks at the associations of familiar and unfamiliar birds, and measures the effects of 
familiarity on behaviour. 
5.2 MATERIALS AND METHODS 
5.2.1 Animals and housing 
One hundred and forty four, 50 week old ISA Brown laying hens were used in the 
experiment; they had been beak trimmed and colour wing tagged. Previously these birds 
had been housed in cages which included nest-boxes and, in some cases, a dust-bath. At 
the start of the previous study they had been housed, at point of lay (20 weeks), with 
four birds occupying each cage. In the intervening 30 weeks the birds had been kept in 
their original cages and groupings. 
The experimental area measured 4.52 by 2.52 m; it had three solid walls and one of 
chicken wire through which observations could be made (fig 5.1). Angled mirrors were 
positioned along the opposite wall of the area to observe birds otherwise hidden from 
view. The area was partitioned into two identical pens by a 600 mm high wooden panel 
above which chicken wire was fitted to prevent the birds from crossing between pens. 
Similar wooden panels divided each pen into four similar sections, each measuring 1.16 
by 1.26 m. The height of the panels prevented birds from seeing those in other sections 
but were low enough to jump onto or over. The panels had a 60 mm wide top rim on 
which the birds could perch. Five perching areas were recognised in each pen; the four 
dividing panels, and the central point where the panels met. A bird was classified as being 
in the latter position if perched with its feet within approximately 200 mm of the central 
point. Each of the sections had a layer of wood shavings to a depth of about 50 mm, two 
nest-boxes, two water troughs each 120 mm in width and a pair of 300 mm wide food 
troughs containing sufficient quantities of mash for food to be available 24 hours per day. 
Each section was considered sufficiently equipped to house all the birds within the pen. 
Lighting in each pen was provided by a single 60 watt bulb positioned two metres 
directly above the crossing point of the wooden partitions. In this position lighting was 
equal in all sections and no shadows were cast. Day length was constantly 16 hours, to 
which the birds were already accustomed. 
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5.2.2 Experimental procedure 
Each trial involved eight birds, with four in each pen. One pen was stocked with birds 
that had previously been housed in the same cage (familiar), the other with birds that had 
come from different cages (unfamiliar). Familiar and unfamiliar groups were housed in 
different pens on alternate trials. Eighteen trials were conducted; the first 12 lasting two 
days, the other six lasting three days. Observations commenced at 14.00h on each of the 
study days. The hens were placed in the pens at this time on day one and observed for 
one hour, they were again observed for one hour at the same time the following day; in 
addition the last six trials were observed in the same manner on day three. 
At the start of the first day of observations, one bird was placed in each of the four 
sections within each pen. This was conducted as quickly, and with as little disruption to 
the birds as possible enabling observations to begin before any bird movements could 
occur. On one occasion the birds were startled by a noise and jumped and flew around 
the pen before observations had begun. These birds were removed from the study and 
replaced by eight spares. On entering the room on days two and three, care was taken 
not to startle the birds and observations commenced immediately after entering. The hens 
were accustomed to human observers and usually showed little interest except for a brief 
pause to look up before continuing their behaviour. Throughout each one hour 
observation session, all bird movements between the nine positions (four floor positions 
and five perching positions) were recorded, as were all aggressive interactions. In 
addition, a behaviour scan was made of all eight birds, every five minutes. It was found 
that eight birds could be monitored simultaneously with ease. At the end of the trial the 
eggs were collected and a record made of the numbers laid in each section (egg data 
were only available from the first 12 trials). 
5.2.3 Analysis 
A scoring system (similar to that used to classify behavioural synchrony) was used to 
define contact between group members. Individuals were classified as being in floor 
contact if they occupied the same floor section. Visual contact occurred between two 
individuals that either occupied the same section, occupied an adjacent perch and section 
or when both were perched. Any bird occupying the central position was classified as 
being in visual contact with all three pen mates. A score of 1 was awarded for each bird 
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with which each individual was in contact and this was then summed across individuals 
to give a group total. The score therefore varied from 0 (when all birds were in different 
sections) to 12 (for floor contact, all in the same section; for visual contact, all able to 
see each other). As an intermediate example, two birds in one section and two in another 
section would score 4. Group contact scores were calculated at the end of each minute 
of observation, giving 60 records for each observation session. 
From the bird position data perching frequencies could be calculated (taking the position 
at the end of each minute and averaging accross the 60 in each observation session) and 
used to establish the floor contact scores that would have been expected had sections 
been occupied at random. Similarly, the frequencies with which zero, one, two, three and 
four birds perched could be used to calculate the visual contact scores had both perches 
and sections been occupied at random. Within each of the two treatments, the proportion 
of time perching birds used the central position did not vary greatly, allowing treatment 
averages to be used in calculations of expected visual contact scores. 
Each of the 18 trials was treated as a paired comparison between a familiar and an 
unfamiliar group. Data for the four individuals within each group were averaged and 
treaments compared using paired t-tests. The one exception to this was when analysing 
the behaviour of those individuals which perched on the first day, because in many cases 
there were no perching birds in the paired group; this analysis was conducted on data 
from individual birds using a two-sample t-test. 
5.3 RESULTS 
On first being placed in the pens, the hens usually remained fairly still for several minutes 
before beginning any activities such as feeding or movements around the pen. The birds 
appeared very wary and were easily startled by noises from other individuals. The 
general pattern of behaviour differed greatly between the first two observation sessions, 
and, for those trials which lasted three days, hardly differed at all between the second 
two. 
Of the 41 birds (20 familiar and 21 unfamiliar) that perched on the first day of 
observations, 10 of the familiar birds and six of the unfamiliar birds subsequently joined 
other birds on the floor. Of these 16 individuals, the familiar birds showed a non-
significant (t=-1.84, df=13, p<O. 1) tendency to be quicker in joining the other birds; 
remaining perched for an average of 8.1 (se=3.35) minutes compared with 16.17 (2.83) 
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for unfamiliar birds. On all three days the unfamiliar birds perched more than the familiar 
birds, but in no case was this significant (see table 5.1). 
On all three days, floor contact was greater amongst familiar birds than unfamiliar ones 
(see table 5.2). This was not significant on day one (t1.17, n= 18; NS), but it was 
significant on both day two (t=3.42, n=18, p<O.Ol) and day three (t=5.33, n6, p<O.Ol). 
There were no significant differences in visual contact between the two treatments on 
any of the observation days (t-0.57, n= 18, NS; t1.66, n= 18, NS; t1.45, n=6, NS; for 
days one, two, and three respectively), though it was slightly higher amongst familiar 
birds on days two and three than it was amongst unfamiliar birds (see table 5.3). 
On day one, familiar and unfamiliar birds made less floor and visual contact than 
predicted by a random association (see tables 5.2 and 5.3 for results and analysis), 
though this was hardly surprising because of the way the birds were initially placed in the 
pens. On days two and three the floor and visual contact of unfamiliar birds did not differ 
from that predicted by a random association, whereas familiar birds associated 
significantly more than expected. 
There was no effect of treatment on any of the 18 behaviour categories which were 
recorded. Over the entire period of the study, seven aggressive interactions (involving 
five aggressive individuals) were observed amongst familiar groups and 37 interactions 
(14 aggressive individuals) amongst unfamiliar groups. This did not represent a 
significant difference (trn- 1. 75, n= 18, p<O.l). 
On average, familiar birds had laid 0.563 (se=0.054) eggs per bird by the end of the 
second days observations, and unfamiliar birds 0.417 (0.089). This difference was not 
significant (t1.86, n= 12, p<O. 1). Egg contact scores averaged 1.33 (seO.67) for 
familiar groups and 1.67 (0.98) for unfamiliar groups. In neither case was this higher 
than that expected from the number of eggs laid (t=0.81, n=10, NS) for familiar groups 
and (t 1.47, n=6, NS) for unfamiliar groups. Nor was there any difference between the 
two treatments (t-0.48, n12, NS). 
5.4 DISCUSSION 
The results indicate that familiar hens associate more than unfamiliar hens, but that this is 
true only for situations where physical contact could occur, and not for visual contact. 
However, the results did not indicate any avoidance of unfamiliar birds nor attraction to 
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them with both floor and visual contact scores not differing from that expected by 
chance. This implies that the main factor affecting these associations is the potential for 
conflict, rather than the presence per se of a strange individual. 
Although there was a difference between the amount of association amongst familiar and 
unfamiliar birds, the time budgets were unaffected. Strange birds have been shown to be 
highly aggressive to one another (Guhi, 1953). In the current experiment there was not a 
significantly higher level of aggression amongst unfamiliar birds. However, there was a 
tendency for the aggression levels to be higher amongst unfamiliar birds, despite these 
birds making less contact. In the current experiment the hens only associated together by 
choice and were not forced into close association, and this could have reduced the 
aggression occurring. This implies that that if ample space is provided, the mixing of 
strange birds need not cause a great increase in aggression. 
Guhl and Allee (1944) showed that the mixing of strange hens led to a reduction in egg 
laying. No such effect was found in the current study. Here the birds had the option of 
moving away from strange birds and this may have reduced the stress of mixing, or 
provided the opportunity to gain unrestricted access to food, which was also a factor in 
the study of Guhi and Allee. Although familiar birds associated together more closely 
than expected by chance, they did not tend to lay their eggs in the same floor sections. 
This may just relate to the position of the group within the pen at the time each bird 
layed, or since pre-laying hens often try to distance themselves from other birds (Duncan 
et al, 1978) they may have actively moved away from the group. Without knowing 
whether either of these factors was involved, little conclusion can be made from the 
results. 
The findings demonstrate that the distribution of hens within an enclosure is dependent 
on the familiarity of the birds involved. The effect of bird familiarity on the distribution 
within large flocks is examined in the following chapter. 
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Fig 5.1 Layout of area used in the experiments described in chapters 5 and 6. A total of 8 floor sections were 
present, divided from each other by 0.6 m high wooden partitions. In the experiments described in chapter 5, 6 
study one and 6 study three the area was separated into 2 pens by a partition along line A-B which reached from 
the floor to the ceiling, and which could not be crossed. In the experiment described in chapter 6 study two this 
partition was removed, leaving only a wooden partition similar to those described above. 
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Table 5.1 Perching rates (means, with standard errors in brackets) of familiar and 
unfamiliar hens, with paired t-test statistics comparing the two treatments on each of the 
three days studied. 
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0.65 2.33 	<0.001 	7.48 	18 
(0.19) (0.20) 
0.22 1.88 	<0.001 	6.12 	18 
(0.10) (0.23) 
4.05 2.02 	<0.01 	-3.73 	18 
(0.58) (0.17) 
1.85 1.80 	NS 	-0.23 	18 
(0.29) (0.19) 
4.13 1.99 	<0.01 	-4.33 	6 
(0.58) (0.23) 
1.22 1.36 	NS 	0.50 	6 
(0.29) (0.32) 
Table 5.2 Mean floor contact scores for groups of familiar and unfamiliar hens over 3 
study days (SE in brackets) with paired t-test statistics for differences between observed 
and expected values. Expected scores were calculated from random distribution given the 
time spent on floor or perches. 










2.45 4.05 	<0.01 	5.46 	18 
(0.52) (0.34) 
3.03 4.85 	<0.01 	4.32 	18 
(0.75) (0.42) 
7.02 4.52 	<0.001 	-4.22 	18 
(0.66) (0.31) 
5.37 4.98 	NS 	-1.24 	18 
(0.56) (0.36) 
6.96 4.20 	<0.01 	-4.44 	6 
(0.67) (0.38) 
5.48 5.75 	NS 	0.56 	6 
(0.95) (0.61) 
Table 5.3 Mean visual contact scores for groups of familiar and unfamiliar hens over 3 
study days (SE in brackets) with paired t-test statistics for differences between observed 
and expected values. Expected scores were calculated from random distribution given the 
time spent on floor or perches. 
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CHAPTER 6 
TERRITORY FORMATION WITHIN LARGE, HIGH DENSITY FLOCKS OF HENS 
6.1 INTRODUCTION 
Red Junglefowl are territorial both in the wild (Bump and B oh!, 1961; Collias and 
Collias, 1967) and in captivity (Collias et a!, 1966), and there is territoriality amongst 
feral domestic fowl (McBride et al, 1969; Wood-Gush and Duncan, 1976). Therefore, it 
might be predicted that domestic fowl would show a tendency for territorial behaviour in 
captivity. However, studies conducted on the space usage of individuals in large flocks 
differ in their findings. Some have shown that hens in large groups use most of the space 
available to them (eg, Hughes et al, 1974; Appleby et a!, 1985; Preston and Murphy, 
1989; and Widowski and Duncan, 1994), whilst others have shown restricted area usage 
(eg, McBride and Foenander, 1962; Crawford, 1966; Craig and Guhi, 1969; Appleby et 
al 1989; and Newberry and Hall, 1990). 
A territory is an area whose boundaries are actively defended (McFarland, 1987). Such 
boundaries rarely seem to occur in commercial situations. Craig and Guhl (1969) found 
that in flocks of 400 birds, individuals would tend to use some areas of the pen more 
than other areas. Within areas they occupied the most, these birds were more successful 
in aggressive encounters. The authors described this as territoriality. But the regions the 
birds utilised did not have distinct boundaries and this could more accurately be 
described as core area usage. McBride and Foenander (1962) showed that two 
established flocks of forty hens, separated by a partition, defended their respective areas 
once the partition between them had been removed. This more closely represents true 
territoriality, and implies that the behaviour described by Craig and Guhi may be 
territorial behaviour that is failing to lead to full territory formation because of 
environmental circumstances. In the study made by Craig and Guhl the group size of 400 
birds was probably too high for all of the birds to recognise one another, and therefore to 
form a hierarchy and stable groups. 
Bird distribution is affected by housing design. There is a tendency for birds to occupy 
areas around the edge of a pen (Pamment et al 1983) or outdoor enclosure (Keeling, 
1987). Many birds will also tend to use particular areas of the house, such as the slats or 
floor area (Appleby et al, 1989), the area of the roost site (Crawford, 1966), and 
brooders (Newberry and Hall, 1990). The location of feeders and drinkers can also 
determine bird distribution (Tribe, 1980). The distribution of hens in relation to the 
housing apparatus has also been shown to be influenced by rank (Mankovich and Banks, 
1982). The findings of these studies suggest that environmental factors help determine 
the distribution and movements of hens. Such environmental differences could explain 
the variation in bird distribution described in the literature. 
By using a housing design with distinct locations, each offering a similar environment, 
the current experiment aimed to determine whether birds tend to occupy certain areas 
more than others. With each location being similarly equipped, any localisation of 
movements would be independent of the environmental factors listed above. The study 
also aimed to determine the factors affecting bird distribution, with emphasis on the 
effects of bird familiarity and aggression. 
6.2 MATERIALS AND METHODS 
6.2.1 Animals and housing 
The birds and housing were the same as those described in chapter 5 (see fig 5.1 for pen 
design). Three studies were conducted involving a total of 160 birds. Study one had two 
replicates. Study two followed the first replicate of study one, using the same birds. 
Study three followed the second replicate of study one, using the same birds. 
6.2.2 Experimental procedure 
Study one 
In each of the two replicates, 40 birds were placed in each pen (two pens were used in 
each replicate, giving a total of four pens and 160 birds), with 10 to each section. Each 
group of 40 birds comprised hens from 10 cages, initially with one bird from each cage 
placed in each of the four sections. Observations commenced at 1500h the day following 
the birds' introduction to the pens. Replicate one lasted for 19 days, involving 10 
observation sessions on alternate days. Replicate two lasted for 15 days involving eight 
observation sessions on alternate days. 
At the start of each observation session the position of each bird was recorded as one of 
nine positions described in 5.2.1 (four floor sections and five perching positions). The 
recording of bird positions in each pen was as near to an instantaneous scan as could be 
made possible. However, because of the time involved in locating all 40 individuals, 
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some inevitably moved before their position could be recorded. To minimise any 
potential error, the positions of all perching birds were recorded first because they were 
the easiest to locate. The positions of birds in floor sections were then recorded. Whilst 
making these records some individuals would change position; by recording the original 
positions of these birds as they moved, the final results represented the position of the 
birds when the scan was initiated. In practice there was little error in this system. Thirty 
minutes after the completion of the first scan of bird positions a second scan was made, 
and 30 minutes later a third scan. Each scan took about 10 minutes to conduct making 
the total observation session 90 minutes in length (three scans of 10 minutes with 30 
minutes between each). 
During the 30 minutes between scans of bird position, the pens were observed to record 
aggressive encounters. Only encounters involving physical contact were included, thus 
excluding threat and avoidance behaviour. The positions of each encounter were 
recorded along with the individuals involved, with one bird in each case being defined as 
the winner. Because of the number of encounters occurring, and the difficulty of seeing 
all parts of both pens from one position, it was impossible to record all encounters. 
Study two 
Two days after the last observation session in the first replicate of study one, the chicken 
wire was removed from above the wooden partition dividing the two pens. This allowed 
free access between pens and the mingling of the two groups. After the removal of the 
partition, the single pen housed 80 birds and had a total of 21 positions in which the birds 
could be located; 18 from the original pens with three additional perching positions along 
what had been the pen division (A-B in fig 5.1). Observations were conducted as in study 
one, for a further 17 days, involving nine observation sessions on alternate days. 
Study three 
Two days after the last observation session in the second replicate of study one, a second 
set of observations was conducted. The birds and pen were the same as in study one, ie 
there was still a partition separating the two pens. This part of the experiment involved 
monitoring the numbers of individuals in the floor sections, and the corresponding 
aggression levels. Because of difficulties in monitoring large numbers of birds at the rear 
of the pens, observations were restricted to the two front sections of each pen. Each of 
these four sections was individually observed four times. Observation sessions lasted two 
hours. Data sheets were drawn up with 720 boxes each representing a 10 second time 
period. By recording aggressive interactions and bird movements chronologically, it was 
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possible to obtain timings of aggression and bird numbers to within 10 seconds of 
accuracy. 
An attempt was made to record the individuals involved in the aggressive activity and of 
those entering and leaving the section. However, this proved impossible to achieve 
consistently. Consequently, no analysis of individuals was attempted, though the data 
were useful in giving an indication of the individuals involved. 
6.2.3 Analysis 
In study one similar distribution patterns occurred in the four 40 bird pens from the two 
replicates. Therefore, data were combined and analysed as either 156 individuals (four 
had to be removed because of feather pecking) or 37 sub groups of cage-mates (the four 
removed birds came from three cages). 
For each of the 156 birds a calculation was made of the proportion of aggressive 
encounters won, and the proportion of time spent perching. To determine whether there 
was any relationship between the two, perching times of the 78 birds with the highest 
encounter success rates were compared against those with the lowest encounter success 
rates using a two-sample t-test. 
To determine whether individuals tended to occupy certain sections more than others, an 
investigation was made of whether there was any consistency between the ranks of 
section usage in the first half of the experiment (the first 15 scans from replicate one and 
the first 12 scans from replicate two) and the second. A Kruskal Wallis test was used to 
compare ranking in the second half of the experiment for those sections which were the 
most, second most, third most, and least used sections in the first half of the experiment. 
Perch usage was analysed in the same way. Consistency in use of the different areas 
would result in similar ranking and therefore would produce a significant difference 
between the categories. One potential difficulty with such a test is that if the birds for 
some reason used the perches and sections in the second half of the experiment in the 
opposite way to the first half, a significant result would still be obtained. For this reason 
the average rankings in the second half in relation to the first half are presented in table 
6.1 to demonstrate that this was not the case. 
To determine whether birds were more successful in aggressive encounters in the 
sections they occupied the most, a calculation was made, for each bird, of the proportion 
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of time spent in each of the four sections and the proportion of aggressive encounters 
won by that bird in each section. In many of the lesser used sections there were no 
aggressive encounters recorded, so an analysis of variance comparing the four sections 
was not attempted. Instead, data from the three least used areas were combined. Using 
all 156 birds, encounter success in the most used area was compared against encounter 
success in the remaining three areas using a paired t-test. 
A scoring system was used to define contact between birds that had previously been 
caged together. The same methods as those described in Chapter 5 were used to 
calculate both observed and expected contact scores for each of the 37 groups. Because 
of the large numbers of birds perching in the current experiment visual contact scores 
were considered to be an inaccurate method of measuring associations, so only floor 
contact scores were used. Observed and expected scores were compared using a paired 
t-test. 
In study three the lack of individual data restricted analysis to summed totals of section 
use and aggression in each of the 16 observation sessions. At the highest densities, where 
15 and 16 birds occupied a section, no aggressive encounters occurred. However, the 
occurrence of such high densities was so brief that none could realistically be expected. 
For this reason, rather than recording aggressive rates of zero, these limited data were 
removed from the analysis. 
6.3 RESULTS 
Study one 
The general pattern of behaviour was for birds to use the perches and floor areas for 
different activities, though this was not quantified during observations. The floor area 
was where the food, water and litter were positioned so this was where the feeding, 
drinking, dust-bathing, scratching and floor pecking occurred. Preening and bill-wiping 
mostly occurred whilst perched, and the perches were used for resting during the day and 
roosting at night. At night there was insufficient room for all birds to use the perches, so 
the feeders, drinkers and nestboxes were also used. 
Aggression was less frequently observed in perching birds, probably due, at least in part, 
to the fact that neighbouring birds were positioned side by side rather than facing one 
another. Often during an encounter between perching birds, both would end up falling to 
the floor. The 78 birds with the lowest encounter success rates perched for 44.52% (Se = 
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2.28) of observations, which was significantly more (t=-3.43, df149, p<0.001) than the 
most successful birds, which perched for 34.33% (1.91) of observations. Perches 
appeared to be used as a place to retreat from aggressive individuals, with defeated birds 
often jumping onto the perches after an aggressive encounter. In most cases this would 
end the encounter. 
Overall, roughly equal use was made of the different sections and perches (see fig 6. 1A). 
However, individual birds showed non-random use of the pen area, occupying some 
sections and perch positions more than others, indicated by consistency in use of sections 
(H=3.55; df=3; p<O.00l) and perches (H=18.97; df=3; p<O.001) between the two halves 
of the experiment (see table 6.1). On average, birds were recorded in the most used 
section for 51.79 % (se = 1.06) of scans involving floor use, compared with 27.69 % 
(0.62) for the second most used, 14.79 % (0.60) for the third most used and 5.87 % 
(0.47) for the least used sections. The different perches were used for 52.31 (1.36), 
27.59 (0.84), 14.35 (0.73), and 5.99 (0.58) respectively. 
The most commonly used section by the 78 individuals with the highest encounter 
success rates was used on average for 51.58 % (se = 1.53) of scans, compared to 51.95 
% (1.47) for the 78 individuals with the lowest encounter success rates. For the most 
used perches this was 52.97% (1.94) and 5 1.65% (1.91) respectively. The lack of any 
differences (t = -0.17, df= 153, NS for section use; t=0.49, df=153, NS for perch use) 
shows that the extent of the localisation of a bird's movements was independent of its 
success in aggressive encounters. Within the sections most used by each of the birds, 
encounter success rates were no different from those in the three least used sections 
(t=0.99, n=156, NS). 
Birds which had previously been housed together in cages tended to maintain their 
associations in the pen, 32 of the 37 cage groups having contact scores that were greater 
than would be predicted by a random distribution. Overall, the observed floor contact 
scores, averaging 1.714 (S.E. = 0. 154), were significantly higher (t=488, df=36, 
p<0.000 1) than the expected, which averaged 1.141 (S.E. = 0.056). The association was 
often maintained by only two or three of the four birds from a cage. On several 
occasions, high ranking birds which had aggressively defended exclusive use of a food 
trough against non cage-mates, were seen to allow low ranking former cage-mates to 
feed beside them. Over the 19 days in which the trial lasted, there was no reduction in the 
amount of association between former cage-mates (fig 6.2). 
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Study two 
Immediately after the removal of the partition separating the two pens, birds from both 
sides crossed over to the opposite side and an increase in aggression levels was observed. 
Because of the high levels of activity, the movements and aggression could not be 
quantified. The aggression was primarily directed towards those from the other pen, 
though whether this was a failure to recognise them or a response to the exploratory 
behaviour exhibited by them could not be determined. One individual, which in its 
original pen was probably the bottom ranker (where it was pecked almost continuously 
by the other birds and was never seen to retaliate), was seen to threaten and then peck at 
a bird from the other pen. 
In the first observation session the following day, 24 hours after removal of the partition, 
all the birds were, without exception, back in their original pens. Over the following 17 
days birds only rarely left their home pen and those that did tended to be the higher 
ranking and aggressive individuals. Fig 6.1 shows the average distribution of birds in the 
19 days prior to (A) and 17 days following (B) the removal of the partition. Birds 
originally from pen one used one of the sections of pen two almost as much as the 
'resident' birds. However birds from the two pens tended to use it at separate times and 
were rarely seen to cohabit the section without aggression occurring. 
Study three 
Aggression was the main factor controlling local bird density, with a curvilinear 
relationship between aggression and the number of birds in a section (fig 6.3). It was 
often observed that numbers within a section would slowly increase to a threshold level 
where usually one or sometimes two birds would become very aggressive and force 
others to leave. In some cases this aggression would continue until the aggressive 
individual was the only bird within the section. These individuals would often show no 
aggressive behaviour as the numbers in the section built up, continuing to feed until 
disturbed by the other birds. After the birds had been evicted, the aggressor would 
normally resume feeding or preening activities. 
Aggression was lowest, averaging 5.7 pecks per bird per hour, when from four to seven 
individuals were present within a section (figs 6.3 and table 6.2), and this corresponded 
with the most frequent occurrence of the birds (occupying 56% of the time). Aggression 
increased as numbers increased above seven in a section. Aggression was also high when 
only two or three birds were present, but such low numbers mainly occurred when a 
single individual was being highly aggressive to force other birds to leave. Therefore, the 
high levels of aggression when only a few birds were present probably resulted from the 
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high numbers of birds that initiated the aggressiveness, rather than occurring as a direct 
response to the small number of birds present. 
6.4 DISCUSSION 
Familiarity and aggression 
Familiarity seems to be important in the small scale, in spacing between individuals, and 
in the large scale, in groupings and territory formations. It is evident that an association 
between birds, once formed, can last. Former cage-mates were still seen to associate 19 
days after being mixed with larger groups. The fact that this occurred within a group of 
40 hens which - as in the study by McBride and Foenander (1962) - defended a common 
territory, implies that hens are quite capable of recognising this number of individuals and 
remembering the associations. 
Aggression was an even greater factor than familiarity in determining individual spacing 
and overall bird distribution. In study three local density levels were largely controlled by 
aggression. The relative effects of aggression and familiarity on spacing were particularly 
evident at the feeder, where a dominant bird would prevent most of the others from 
feeding, but allow access to a former cage-mate. This indicates that what McBride 
(197 1) termed the 'personal field' around a hen is not fixed, but is dependent on the 
circumstances of the approaching bird. In this case the approaching individual was lower 
in rank but tolerated because of its familiarity with the dominant bird. However, there 
was also at least some familiarity between all the birds within the group, as demonstrated 
by their behaviour after removing the partition between the two pens. The tolerance of a 
former cage-mate could be a product of the close proximity at which they had previously 
been housed, or the long duration of the association. In study 2, most aggression was 
seen in the one section that was used by birds from both pens. This was also the section 
that was used the least. This again shows that hens avoid strangers and that aggression is 
the controlling factor. Lill (1969), after an experiment which found no strong relationship 
between proximity and aggression, concluded that the domestic fowl is a contact species. 
The findings reported here suggest that this may only hold true for birds which have had 
a long association, or been kept in close contact. 
Territorial behaviour 
McBride and Foenander (1962) proposed that in large groups aggression levels are high 
because individuals are continually meeting strange birds with which they have not 
established dominance. The birds are therefore continually fighting to establish status 
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with strange individuals. In such a situation it would be advantageous for the birds to 
remain near birds with which they had already established a hierarchy. Hughes et a! 
(1974) suggested that the wide-ranging movements observed in their study could have 
been due to low lighting levels reducing bird recognition. With the opportunity for birds 
to recognise one another, it is possible to envisage a situation where bird movements 
would become localised. Where birds move over a wide area they do not get the 
opportunity to become familiar with one another, so do not form groups and have no 
reason to restrict their movements to a single group locality. Where there is restricted 
area usage the birds would encounter fewer individuals, allowing a greater possibility for 
them to recognise one another. This would promote the formation of hierarchies. Where 
they formed, the local birds would suffer less from aggression, creating a feedback to 
localise their movements still further, thus perpetuating the cycle towards full territory 
formation. 
However, in many housing environments restricted area usage never leads in such a way 
to full territory formation, implying that some factor is preventing its completion. The 
most likely cause is high population density. Where a small sub-group is forming within a 
much larger group, there would be a watering down effect caused by the random 
movements of other non-localised birds. This would interfere with bird recognition and 
hierarchy formation. The higher the population density, the greater the interference. This 
may be what prevents full territory formation in many commercial systems. 
In study one of the current experiment this may have been the case. Low partitions were 
enough to reduce bird movements, thus reducing the watering-down effects of 
wandering hens and allowing local bird associations to form. However, there were still 
too many birds moving over too small an area for territories to form. These birds may 
have been expressing territorial behaviour, even though their actions did not lead to the 
formation of territories. The partition completely separating the two pens prevented any 
watering-down effects from the neighbouring group. When this was removed in study 
two of the experiment full territory formation had occurred in a similar way to that found 
by McBride and Foenander (1962). 
Stocking density was constant in both parts of the experiment, and territory formation 
occurred when the total number of birds present was 80 and not within two groups of 
40. Therefore, under suitable conditions group size need not be restrictive to territory 
formation. 
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Conclusions for hen welfare 
The findings of study three suggest that aggression will not act as a feedback to prevent 
local rises in bird density, because the build ups often occur before the increase in 
aggression takes place. This should be taken into account in the design of housing 
systems, because any aspect of an environment that results in the local build up of birds 
(such as the position of feeders and drinkers) will lead to a rise in aggression and a 
reduction in welfare. The number of birds occurring most commonly in a section of a 
pen corresponded to the lowest aggression levels, which suggests that the birds tend to 
avoid highly aggressive situations. This, along with the general observations reported, 
indicates that aggression was the factor controlling local bird density. 
Low lighting is often used in large commercial flocks to reduce aggression levels. This is 
thought to work by preventing birds from identifying one another as strangers (Newberry 
and Hall, 1990). However, by doing the opposite - providing a situation to help the birds 
identify each other - it may be possible to enable territories to form within large flocks, 
which could itself lead to a reduction in aggression. Territory formation could be aided in 
a number of other ways. 1. Partitioning birds into smaller groups during early rearing 
could lead to territory formation in later years. 2. This could be enhanced by providing 
some form of partition or easily recognised area within the house to help maintain 
occupied areas. 3. The positioning of feeders, drinkers and nest boxes in scattered 
locations would ensure that birds do not have to leave their territory. 4. Imprinting birds 
on particular colours or objects could help localise movements. However, the question 
must be raised of whether full group and territory formation is necessary for the 
provision of a high welfare system, or whether local bird groupings serve an equivalent 
function. In study one, the birds were able to exhibit all aspects of territorial behaviour 
even though true territories could not form. They had an area to return to where their 
neighbours were familiar, and the perches provided a means of escape during fights. In 
this way many of the benefits of being in a territory were met. Further work would be 
needed to determine the relative merits of housing systems where either core area usage 
or territory formation occur. 
Hens used the perches as a refuge, with lower ranking birds spending longer perching. 
Yet they still needed to be on the floor to gain access to food, water and the floor litter. 
Under such conditions the low rankers may have their access restricted, or they may get 
access to the necessities (eg food and water) but not have the opportunity to utilise the 
substrate for foraging or dust-bathing. This could be a particular problem for birds 
housed in perchery systems, where the floor stocking density can be as high as 25 birds 
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per square metre (CEC, 1985). In these systems, the low ranking birds may have 
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Fig 6.1 Average distribution of birds on perches and floor 
sections before (A) and after (B) removal of the partition 
separating the two pens. The area of the circle is 
proportional to the number of birds present, and the 
proportion shaded/unshaded denotes the relative numbers from 
each pen. 
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Fig 6.2 Change in floor contact score 
over nineteen days of study (study one). 
Use in first half 
Most 	Second 	Third 	Least 
most most 
Section 	Mean 	2.10 	2.50 	2.68 	2.73 
usage in the 
second half S.E. 	0.09 	0.08 	0.08 	0.08 
Perch 	Mean 	2.21 	2.48 	2.61 	2.71 
usage in the 
second half S.E. 	0.09 	0.08 	0.08 	0.07 
Table 6.1 Consistency of space use in the first and second halves of the experiment 
(Part one): use of different sections or perches in the second half was ranked and mean 
rank is presented for those sections and perches which were the most, second most, 
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Fig 6.3 Frequencies with which different 
numbers of hens occupied pen sections 
and aggression at the different densities 















0 - 0.56 0.50 - - 
1 14280 3.99 2.07 - - 
2 7140 6.90 2.48 11.77 4.85 
3 4760 8.51 1.90 7.83 3.42 
4 3570 13.79 2.34 5.89 3.29 
5 2856 14.89 2.20 6.38 3.29 
6 2380 13.45 1.92 6.5 1.55 
7 2040 14.02 2.60 4.14 2.63 
8 1785 10.37 2.02 7.31 2.63 
9 1587 5.99 1.40 7.89 3.48 
10 1428 3.75 1.08 6.67 4.33 
11 1298 1.81 0.59 7.85 5.06 
12 1190 0.75 0.35 9.72 9.94 
13 1098 0.39 0.25 6.10 5.44 
14 1020 0.25 0.17 10.85 8.38 
15 952 0.07 0.06 0 
16 893 0.02 0.02 0 
Table 6.2 Frequencies with which different numbers of hens occupied pen sections, 
1.42 m2 in area, and aggression occurring at the different densities. 
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CHAPTER 7 
EFFECTS OF GROUP SIZE AND STOCKING DENSITY ON SPACE USAGE AND 
AGGRESSION 
7.1 INTRODUCTION 
In section 1.2 the effect of space allowance and group size on behaviour was discussed 
and in section 1.3 the spacing behaviour of hens. This experiment aimed to determine the 
relationships between the two, by recording the spacing patterns of hens, and by 
determining which aspects of the environment, or of the individuals involved, affect 
relative spacing. Of particular concern was the effect of space and group size on 
aggression (see 1.2.3), and of aggression and rank on spacing (see 1.3.3). 
Keeling and Duncan (1989) showed that hens in a small enclosure tended to space more 
widely apart than expected by random, but in a larger pen tended to associate more 
closely together. This is a similar pattern to that found in chapter 4 for the feeding 
separations of hens, with both close association and wide separation being avoided. 
Therefore, although there is social attraction amongst hens, they tend to avoid close 
contact with one another. McBride (197 1) suggested that each individual within a group 
has a personal field surrounding it, and that individuals avoid entering the fields of 
others. McBride et al (1963) showed how the orientation of birds prevent encroachment 
into this space, and suggested that the personal field was greatest in front of the head. 
Marler (1956) found a strong relationship between the aggression levels of chaffinches 
and the distance between birds. However, Lill (1969), using the same methodology on 
domestic fowl, found only a weak relationship and suggested that domestic fowl could 
more readily be categorised as a contact than a non-contact species. The findings of 
Meunier-Salaun and Faure (1984), that hens tended to feed from a single opening in a 
food trough rather than from different openings a short distance apart, would seem to 
support this. However, Keeling and Duncan (1989) showed that the distribution of birds 
within a pen was dependent on rank, with high ranking birds tending to occupy the 
preferred areas of the pen more often than lower ranking birds. In other experiments 
aggression has been shown to be a major factor in determining the spacing of hens (eg 
the previous chapter; Mankovich and Banks, 1982). 
The experiment described in this chapter aimed to determine how rank affects the 
spacing of birds. The highest ranking birds need not necessarily be the most aggressive 
individuals within a group, so a further aspect of this study was to determine the relative 
influences of rank and aggressiveness on the spacing patterns of hens. Both group size 
(Al-Rawi and Craig, 1975) and stocking density (Polly et al, 1974) have been shown to 
affect the aggression levels of domestic fowl. However, little is known of the ways in 
which this aggression is distributed throughout the hierarchy. An overall increase in 
group aggression levels may give an indication of the average number of times a bird is 
pecked, but if some birds are pecked more than others they may suffer more, and an 
increase in aggression levels may particularly affect these individuals. The experiment 
described in this chapter aimed to determine the relative involvement in aggressive 
encounters of birds from different positions in the hierarchy, both in terms of the 
aggressors and the recipients. In particular, it aimed to determine whether the high 
aggression levels in large groups and at high stocking densities have a greater effect on 
some individuals than others. 
In addition to affecting the relative spacing of the different ranks, aggression also affects 
the distribution of birds. In the experiment described in the previous chapter it was found 
that lower ranking birds tended to spend a higher proportion of the time on perches. It 
has also been demonstrated that hens will tend to occupy the areas around the perimeter 
of a pen (Pamment et al, 1983). The current experiment aimed to determine whether 
rank affects pen usage, and whether this is related to the distribution of aggressive 
interactions. 
In the period prior to the laying of an egg, hens are often more aggressive (Freire, 1994). 
A further aim of the current experiment was to determine the extent to which aggression 
levels are linked to pre-laying behaviour, and the way in which pre-lay aggression affects 
spacing. 
7.2 MATERIALS AND METHODS 
7.2.1 Animals and housing 
Stock was composed of 80 Hisex White laying hens (a type of White Leghorn). They 
were beak trimmed and had been floor reared. For the purposes of this study it was 
necessary to use white coloured birds to enable each to be individually marked with a 
black spray to aid recognition. 
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The birds were obtained at 21 weeks of age, individually wing tagged and housed 
together on deep litter in a pen measuring 4.52 by 2.52 m. This gave a stocking density 
of seven birds per square metre. The pen was the same as that used in chapters 5 and 6, 
though all the partitions had been removed. Throughout the course of the experiment 
this was used as the home pen, from which up to 12 birds at a time were removed for 
three day periods of study. The birds were fed pellets which were placed in troughs at 
09.00h each morning in ad libitum quantities. In addition pellets were sprinkled over the 
litter to familiarise the birds with floor feeding. Water was available from drinking 
troughs placed outside the pen, which had holes in the side for birds to drink. 
The studies were conducted in a circular pen with litter flooring. Three pen sizes were 
used with diameters of 0.85 m (small), 1.21 m (medium) and 1.48 m (large). In part one 
of the experiment stocking density was constant at 7 birds per square metre for all three 
pen sizes. This was attained by varying the group sizes, which were 4, 8 and 12 birds 
respectively. In part two the group size was constant, with 4 in each pen, providing 
stocking densities of 7, 3.5 and 2.33 birds per square metre. 
The circular pen was made from wire mesh with the sides lined with plastic to a height of 
0.4 m to prevent litter loss. It measured 0.6 in in height and had a wire mesh top. Water 
troughs were positioned outside the pen, which had holes in the sides to allow the birds 
to drink. One water trough was provided for every two birds. The birds were floor fed 
on pelleted food. In this way no troughs or equipment of any kind was present within the 
pens, allowing frill use of all available space. Feed was scattered evenly around the pen at 
08.45 each morning in quantities sufficient to ensure that food was always present. A 12 
hour day/night lighting regime was maintained for the duration of the experiment in both 
the home and study pens, with lights turning on at 08.00. 
7.2.2 Experimental procedure 
Of the 80 birds housed in the home pen, only 72 were used in the study. These were 
randomly allocated into six groups of 12, each in turn arranged into two groups; one of 8 
birds, the other of 4. This provided six replicates for each of the three group sizes, with 
every bird being used twice, once in a group of 12 and once in a group of 8 or 4. 
Only one group was studied at a time. The order of study of the three group sizes 
followed a Latin square design which was constructed in two halves. Firstly, three 
replicates of each group size were studied, such that each of the 72 birds had been used 
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once. The birds were then used in the same order for their second study session in a new 
group size. This allowed a gap of similar length between the two study sessions for each 
bird. 
For the second part of the experiment, using constant group size and variable stocking 
density, 32 birds were used providing four replicates for each pen size. These birds had 
all been used twice previously in the first part of the experiment. To ensure that they had 
experienced the same environments the birds were those that had previously been used in 
a group size of 8 (i.e. each group of 8 re-arranged into two groups of 4). 
Each study session took three days. The first two days were to allow the birds to become 
accustomed to their new environment and to establish a stable hierarchy with their pen 
mates. Observations were made on day three for eight hours between 09.00 and 15.00. 
Observations were conducted using a video camera. To enable an overhead view of the 
birds, a large mirror was positioned directly above the pen at a 45 degree angle. The 
camera could then view the mirror from a horizontal position and obtain an overhead 
picture of the pen. This enabled the camera to be positioned five metres from the birds, 
thus preventing any great distortion of the image. The recordings were conducted in real 
time on four hour cassettes. The tape was changed after four hours with little disturbance 
to the birds, otherwise no researcher was present. 
From the video tapes, individual birds could be recognised from their black spray 
markings. All aggressive encounters involving physical contact were recorded. Threats 
were not recorded due to the limitations of defining this type of behaviour from such 
views. For each aggressive encounter, records were kept of the time, position within the 
pen where contact occurred, which individuals it concerned and which 'won' the 
encounter. 
Aggressive interactions were used to determine dominance hierarchies between birds. 
Birds were ranked by number of individuals beaten plus one divided by number of 
individuals contested plus one. Where individuals had equal scores they were ranked 
according to which had beaten the other; where no such distinction was possible they 
were awarded equal rank. Unless otherwise stated, the term 'rank' refers to this ranking 
method. In addition to ranking all birds in this way, groups of 8 and 12 were divided into 
four rank quartiles; the former having two birds in each quartile, the latter three. In this 
way it was possible to make comparisons between the different group sizes since each 
bird had a ranking from one to four. The birds were also ranked (into four rank quartiles, 
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as above) by the number of wins (pecks to other birds) they had, and also by the number 
of losses (pecks from other birds). 
The video was linked into a computer making it possible to freeze the image and plot the 
position of each bird within the pen. This was conducted on the 10 replicates involving 
the smallest pen size. Three positions were recorded for each bird; the centre of the head 
(head), the centre-point between the carpal joints (back), and the tail base (tail). For each 
four hour video such scans were conducted every 15 minutes, giving a total of 34 scans 
for each position on each bird during a study day. When scans were made, the behaviour 
of each bird was also recorded. 
7.2.3 Analysis 
For each analysis a mean value was calculated for each of the 30 observation sessions (ie 
18 for the study of the effects of group size, and 12 for the study of the effects of 
stocking density); where rank scores were used, a mean value was calculated for each 
rank quartile in each observation session. These mean values were used as the 
experimental units in each analysis. Although there was some repetition of birds in the 
different observation sessions, the different sessions were treated as independent 
samples. This would have resulted in conservative measurements. A total of 10 
observation sessions were conducted on groups of four birds in the smallest pen size, 
with six from the study of group size and four from the study of stocking density. Before 
each analysis, data from the two studies were compared using a two-sample t-test. 
Because no significant differences were found (p>O.O5  in all cases) the 10 observation 
sessions were combined for use as 10 replicates in each analysis. 
For each scan, separate Derichiet Tessellations were computed (using a programme 
written by Graham Horgan of the Scottish Agricultural Statistics Service) for each of the 
three body positions. A Derichlet Tessellation is a method of dividing-up an area - in this 
case the pen - into sub-areas, or tesserae, around a number of fixed points - in this case, 
one of the three positions on the hens' bodies - so that anywhere in the tessera is nearer 
to that point on the hen's body than to the same point on any other hen (see fig 7.1) (see 
Stoyan et al, 1987 for a fuller description of Derichlet Tessellations). The tessera around 
a bird does not indicate the amount of space available to it, but it gives a relative measure 
of the space around each bird compared to the others with which it is housed. 
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Aggression levels in the three group sizes were compared using a one-way analysis of 
variance, as were the aggression levels at the three stocking densities. For each analysis 
involving comparisons between different ranks, a repeated measures analysis of variance 
was used so that pen-mates would be directly compared across the different ranks. 
To analyse the distribution of aggressive interactions, the pen (0.43m radius) was divided 
into four zones of equal area by concentric circles 0.213, 0.301 and 0.369m in radius. 
This allowed direct comparisons to be made between different regions of the pen, since a 
random distribution would predict equal use of the four areas. A one-way analysis of 
variance was used to compare the distribution of aggression throughout the four areas. 
7.3 RESULTS 
The initial two days in the study pen had allowed hierarchies to form, and fighting had 
stopped in time for the third day's observations. Only one, short lived, two way conflict 
was seen in all 30 groups. Otherwise aggression was restricted to quick pecks and 
threats without retaliation. Pecks did not occur at random intervals, but in bouts of 
aggressive activity usually involving one aggressor on one or several individuals or of 
one recipient from many aggressors. Bouts of aggression were often followed by 
periods when the entire group would preen. At these, and other times during preening 
activity, aggression was rarely observed. 
Pecks were not distributed evenly throughout the day. In particular, aggression appeared 
to be linked with the more active phase of pre-laying behaviour; reducing during the final 
stages when a bird settled before laying (fig 7.2). Birds showing pre-laying behaviour 
were not only those most likely to be aggressive but those most likely to be pecked. On a 
number of occasions two birds were seen showing pre-laying behaviour at the same time 
and attempting to use the same position to nest (usually a spot where eggs had already 
been laid). The subordinate bird would be pecked when it approached the nest occupier, 
and would retreat. However, it would repeatedly return, despite continued aggressive 
pecks from the dominant. These were the most obvious instances of aggression being 
linked to a bird wanting others to keep away. For the recipient it was less clear whether 
this indicated the high nesting motivation during pre-lay or that aggressive pecks were 
not too aversive. 
The number of aggressive pecks per bird increased significantly with group size (F=3.58; 
df2,19; p<O.OS)  and with stocking density (F=7.07; df2,15; p<0.01) (fig 7.3). The 
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proportions of pecks given by different ranks was non-linear (fig 7.4 A). Very little 
aggression was initiated by birds in the lowest two rank quartiles, even though in the 
larger groups there were birds below them in the hierarchy. Top ranking birds at the 
higher stocking densities gave a higher proportion of aggressive pecks than at the lower 
stocking densities, whilst second ranking birds gave a lower proportion of pecks at high 
densities than at low densities (table 7.1). In contrast, birds from the top rank quartile in 
larger groups gave a lower proportion of pecks than those in smaller groups, with the 
reverse trend being the case for birds in the second rank quartile. Although there were 
higher aggression levels in larger groups and at higher stocking densities, the proportion 
of pecks received by birds from different ranks was very similar (fig 7.4 B and table 7.2). 
Therefore, although in all treatments the low ranking birds received a higher proportion 
of pecks than the high ranking birds, the proportions were similar at the different group 
sizes and stocking densities. 
More aggression was recorded near the centre of pens than at the edges. In all pen/group 
sizes there was less aggression in either the two outer zones or just the outermost (see 
fig 7.5). This was significant in the small pen of 4 birds (p<O.001, F10.27, df3,36), the 
medium pen of 8 birds (p<0.05, F3.28, df=r3,20)  and the large pen of 4 birds (p<O.Ol, 
F=6.84, df=3,12). From scans, it was found that use of the central area varied with rank. 
On average, the higher the rank the further were the bird's head (F=6.98; df3,27; 
p<0 . 001 ) and back (F=7.79; df=3,27; p<O.00I) from the perimeter of the pen (see table 
7.3). No such relationship was found for tail position (F1.01; df3,27; NS). 
On average, the highest ranking individuals had more space than the lowest ranking 
birds, regardless of the ranking criterion (table 7.4). Top ranking birds averaged 3.7% 
more head space, 42% more back space, and 2.7% more tail space, though in some pens 
it was up to 10.1% (head), 11.0% (back), and 8.5% (tail). For all three ranking criteria 
tessera areas around the bodies and tails of high ranking birds were significantly larger 
than around low ranking birds (table 7.4), though there were no significant effects for 
tessera areas around head positions. This was largely due to the lowest ranking bird in 
one of the pens which had a large amount of space. There was no apparent reason for 
this. When data were re-analysed without using this pen, high ranking birds (for all three 
ranking methods) were found to have larger tessera areas around each of the three body 
positions than low ranking birds (p<O.Ol in each case). From the data in table 7.4 it can 
be seen that regardless of the ranking method or body position being used, there was a 
similar distribution of tessera size across the four ranks; top ranking birds having around 
27% of the space, second ranking birds around 25-26%, third ranking birds around 24% 
and bottom ranking birds around 23 %. In only one group was a top ranking bird less 
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aggressive than one below it in the hierarchy. The more aggressive individual had more 
head, back and tail space than the top ranking bird. 
7.4 DISCUSSION 
The findings of this experiment that aggression increases with both group size and 
stocking density, are in keeping with previous studies (Al-Rawi and Craig, 1975; Polly et 
a!, 1974). The higher aggression levels amongst birds housed at high stocking densities 
are largely the result of the top ranking birds increasing their aggression levels, whereas 
the higher levels of aggression in large groups are largely the result of higher aggression 
amongst birds in the second rank quartile. Even though it is the higher ranking birds that 
are being more aggressive, the findings show that this increase in aggression does not 
particularly affect those individuals at the bottom of the hierarchy. 
The use of the periphery of a pen by low rankers was also in keeping with previous 
studies (Keeling and Duncan, 1985). This may have been linked to the high aggression at 
the pen centre forcing lower ranking birds to the edge. At the edge of the pen a low 
ranking bird would have reduced the area from which it could be attacked. Whether this 
determined the distribution of the birds, or whether there was a preference of high 
ranking birds for the centre of the pen could not be determined from these results. Food 
was supplied equally throughout, and water was available only at the pen's edge, so it is 
unlikely that access to resources would determine the choice of high ranking birds to 
occupy the pen centre. It could be related to the selfish herd principle (Hamilton, 1971), 
that animals at the centre of a group are at a lower risk of predation than those on the 
periphery. Whether such an effect would occur under the current conditions can only be 
speculated on. 
The highest aggression corresponded with the period prior to egg laying. Pre-laying hens 
are highly motivated to move away from other birds and to use nest-boxes (Freire, 
1994). In housing systems where nest boxes are present, birds will use the nest-boxes to 
escape from aggressive interactions (eg in the previous chapter). In the current 
experiment no nestboxes were present. It would be interesting to know whether the 
effects would have been similar had nest boxes been present. 
The results show that rank affects the amount of space around a hen. However, 
McBride's (1963) suggestion that the personal fields of hens are greatest in front of the 
head, are not supported by the findings reported here. The tessera sizes around the three 
97 
body positions were very similar, suggesting that the personal field is equal all around the 
bird. Because of the similarity of the hierarchies using the three ranking methods it is not 
possible to make any conclusions about the relative effects of each on spacing. The single 
incidence of an aggressive individual having more space than a less aggressive bird above 
it in the hierarchy suggests that spacing is related to aggressiveness rather than social 
status, but more data would be required to determine whether this is typical for such 
situations or is a single atypical occurrence. The most obvious instance of birds being 
aggressive to obtain more space was shortly before laying an egg. This indicates that the 
space requirements of birds are not only dependent on social status, but are dependent 




Fig 1.1 An example of a scan, showing the positions for 
marking the head (+), back (o) and tail (*) (diagram A), and 
showing a derichiet tesselation using the head positions 
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Fig 7.2 Levels of aggression and egg laying 
amongst 4 hens in a pen measuring 0.85 m in 
diameter, showing variation with time between 
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Fig 7.3 Effect of group size (4, 8 or 12 hens) 
and stocking density (4 birds in a small pen 0.85 m 
in diameter, and in pens with twice and 3 
times the floor area) on aggression. 
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Fig 7.4 Percentages of pecks given (A) and recieved (B) 
by rank quartile, in different group and cage sizes. 
loz- 
PECKS GIVEN 
Rank quartile 4(large) 4(medium) 4(small) 8(medium) 12(large) 
1 19.83 54.50 76.31 69.26 40.01 
(9.12) (13.90) (6.41) (8.48) (8.75) 
2 67.90 28.40 17.00 22.42 50.27 
(12.50) (12.80) (5.13) (6.53) (9.15) 
3 12.28 13.98 6.59 8.76 7.89 
(4.86) (7.53) (2.97) (2.31) (3.09) 
4 0 3.12 0.10 0.97 0.42 
- (3.12) (0.10) (0.39) (0.26) 
Table 7.1A Percentage of aggressive interactions won (with standard errors) by birds of 
different rank in groups of 4, 8, or 12 birds housed in small, medium and large pens. 
Study Rank F df p 
Group size 1 9.98 2,19 <0.01 
2 6.74 2,19 <0.01 
3 0.14 2,19 NS 
4 3.54 2,19 <0.05 
Stocking density 1 9.85 2,15 <0.01 
2 8.99 2,15 <0.01 
3 0.84 2,15 NS 
4 1.84 2,15 NS 
Table 7. lB Statistics for one-way analyses of variance comparing the percentages of 
encounters won by birds of comparable rank but from different group sizes (4, 8, or 12 
birds), and stocking densities (4 birds in either small, medium, or large pens). 
103 
PECKS RECEIVED 
Rank quartile 4(large) 4(medium) 4(small) 8(medium) 12(large) 
1 0.78 2.60 0.08 3.50 3.04 
(0.78) (2.60) (0.08) (1.09) (0.87) 
2 12.09 16.00 18.12 21.80 12.24 
(5.22) (11.70) (4.56) (4.22) (1.52) 
3 27.90 24.68 33.05 36.12 31.21 
(15.90) (9.44) (5.64) (5.49) (7.13) 
4 59.20 56.70 48.74 38.58 51.80 
(19.40) (13.60) (8.09) (5.34) (6.54) 
Table 7.2A Percentage of aggressive interactions lost (with standard errors) by birds of 
different rank in groups of 4, 8, or 12 birds housed in small, medium and large pens. 
Study Rank F df p 
Group size 1 9.07 2,19 <0.01 
2 1.08 2,19 NS 
3 0.13 2,19 NS 
4 0.70 2,19 NS 
Stocking density 1 1.52 2,15 NS 
2 0.20 2,15 NS 
3 0.24 2,15 NS 
4 0.23 2,15 NS 
Table 7.213 Statistics for one-way analyses of variance comparing the percentages of 
encounters lost by birds of comparable rank but from different group sizes (4, 8, or 12 
birds) and stocking densities (4 birds in either small, medium, or large pens). 
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Fig 7.5 Distribution of aggression within groups 
of different size and stocking density. The pen 
was divided into 4 concentric zones of equal 
area. Zone number decreases towards pen centre. 
0 
U.1 
rank head back tail 
1 22.17 (0.80) 24.57 (0.76) 23.49 (0.75) 
2 20.42 (1.07) 21.68 (1.11) 21.80 (0.72) 
3 17.68 (0.93) 19.57 (0.76) 21.69 (0.78) 
4 15.57 (1.52) 17.57 (1.41) 21.94 (0.85) 
Table 7.3 Effect of rank on the average distance (cm), with S.E. (brackets), of bird 
positions from the perimeter of a pen 42.5 cm in radius. 
Rank 1 2 3 4 F 
Head 26.79 26.40 23.67 23.14 2.30 
(0.94) (1.00) (0.82) (1.40) 
Body 27.40 25.76 23.60 23.24 3 . 11* 
(0.86) (0.87) (0.67) (1.32) 
Tail 26.76 25.10 24.02 24.11 3•45* 
(0.43) (0.48) (0.58) (0.82) 
Rank wins 1 2 3 4 F 
Head 27.17 25.85 23.57 23.41 2.19 
(1.02) (0.96) (0.81) (1.39) 
Body 27.64 25.43 23.39 23.54 3•30* 
(0.87) (0.82) (0.67) (1.31) 
Tail 26.91 25.13 24.15 23.80 4 . 48* 
(0.38) (0.34) (0.62) (0.81) 
Rank losses 1 2 3 4 F 
Head 26.79 26.05 24.56 22.60 2.26 
(0.94) (1.02) (0.78) (1.41) 
Body 27.40 25.89 24.32 22.39 4 . 08* 
(0.86) (0.80) (0.68) (1.25) 
Tail 26.76 25.35 24.24 23.64 4 . 27* 
(0.43) (0.36) (0.58) (0.82) 
Fig 7.4 Effect of rank (using 3 ranking criteria) on the percentage of pen space 
occupied by the tesserae around 3 body positions. For all ranking criteria, 1 refers to a 
high dominance level and 4 a low dominance level. Also shown are statistics for related 
measures analyses of variance (* = p<0.05), with 3, 27 degrees of freedom in in each 
case (but see text for further analyses). 
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CHAPTER 8 DISCUSSION 
8.1 EFFECT OF SPACE AVAILABILITY ON BEHAVIOUR 
8. 1.1 Behavioural time budgets and mode of expression 
Throughout the experiments hen behaviour was greatly affected by space allowance, as 
well as by the organization of the space and the facilities within it. Different behaviour 
patterns were affected in a variety of ways, some quantitatively (in the amount of time 
they occupied) and some qualitatively (in the way they were expressed) whilst others 
showed both effects. 
Dawkins' (1983) suggestion that eating is inelastic was not supported by the findings of 
the experiment described in chapter 4. Although feeding behaviour was not affected by 
cage size, food consumption was. Over a similar range of feeding space allowances to 
the two smallest cages studied in the experiment described in chapter 4, feeding space 
has been shown to affect a number of production traits. Hughes (1983), reviewing 25 
studies using narrow and wide cages, found that hens in wide cages mostly produced a 
greater egg mass (generally in the form of higher egg number), ate more food, added 
more body weight and sometimes showed a reduction in mortality. This would seem to 
be against the idea that feeding is inelastic, at least within a closed economy. For the 
experiment described in chapter 4 it could be argued that the food requirements were less 
in smaller cages because the close proximity of birds reduced heat loss, and that energy 
expenditure was lower because there was less activity, but in the studies reviewed by 
Hughes floor space allowance was constant and feeding space the only variable. The 
lowering of egg production and higher mortality in the narrow cages of these studies 
would seem to indicate that in such cages the birds' needs are not being met. Within 
confined conditions the performance of a behaviour pattern may be determined more by 
whether it is physically possible than whether the animal is highly motivated. In extremely 
confined conditions even feeding becomes elastic. This is not because the birds do not 
want to feed, but because they cannot. Feeding is a highly motivated behaviour, and one 
that an animal will perform despite high costs (Dawkins, 1983; Faure, 1986). The 
findings of this, and other studies, that food consumption is restricted where there are 
small feeding space allowances must cause serious concern for the welfare of domestic 
hens. 
An animal can be frustrated if prevented from consummating its motivation (Hughes and 
Duncan, 1988). Space allowance affects the performance of many different behaviour 
patterns, so although an animal's ultimate needs will be satisfied preferentially (Dawkins, 
1983; Hill et a!, 1986) there is no reason to believe that the restriction of other activities 
could not lead to welfare problems. The Brambell committee, set up by the UK 
goverment to consider welfare in intensive husbandry systems stated that "An animal 
should at least have sufficient freedom of movement to be able without difficulty to turn 
around, groom itself, get up, lie down and stretch its limbs" (Brambell, 1965). The 
findings in this thesis demonstrate that the current commercial space allowances in the 
UK do not allow such freedom of movement. 
The results of the experiment in chapter 4 showed that small increases in space allowance 
could have a large effect on behaviour. The findings also suggest that for most behaviour 
patterns the time budget would not continue to change with further increases in space 
allowance. This implies that the cost of implimenting changes to improve welfare need 
not be high. 
It can be concluded that space allowance greatly affects hen behaviour, and not only 
those activities which represent the birds' proximate needs. These effects occur both in 
the time budget and in the way the behaviour patterns are expressed. The findings 
suggest that space limitation can lead to welfare problems which could be alleviated by 
relatively small increases to the space allowances above those currently used in 
commercial cages in the E.C. and by re-structuring the space available. 
8.1.2 Behavioural synchrony 
Feeding synchrony 
The inadequacies of commercial cages to provide enough space to allow hens to feed 
together has been demonstrated on a number of occasions (eg, those discussed by 
Hughes, 1983) and has led to the EC directive that hens should be provided with at least 
100 mm of feeding space per bird (Appleby et a!, 1992). From the experiments in 
chapters 5, 6 and 7 it became clear that 400 mm was inadequate to allow four birds to 
stand side by side and feed. This was due more to the size of the birds' bodies than to 
their behaviour. A provision of 600 mm is sufficient space for four birds to physically 
stand side by side, and this space allowance increased the frequency of four birds 
standing next to one another. However, synchrony of feeding is still restricted at such an 
allowance because hens are unwilling to feed in direct contact with one another, 
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preferring to have a small amount of space on either side. When feeder space is increased 
from 900 mm to 1140 mm there is a further increase in the frequency of four birds 
feeding together (chapter 7), implying that although 600 mm permits the synchronous 
feeding of four birds, there is still some restriction up to at least 1 140 mm. 
This then raises the question of whether it is necessary for all hens to feed at the same 
time. Faure (1986) showed that a group of hens would work for enough space for them 
all to feed together. Within the smallest cages described in chapters 5, 6 and 7 there was 
ample room for three of the four birds to feed together. From observations of the fourth 
non-feeding individuals there was a clear indication that they were highly motivated to 
feed. Cunningham and van Tienhoven (1983) suggested that certain individuals may tend 
to lose out in such situations. In chapter 5 this was found to be the case, with particular 
individuals repeatedly the ones being affected in this way, so concentrating any problems 
arising from this on to these few individuals. 
Such behaviours of non-feeding birds as jostling, pecking and scratching others were 
likely to cause damage to the plumage and bodies of other hens. This would in many 
cases be a cause of suffering. Therefore the problems are not only of frustration for the 
excluded birds but damage to the feeding birds. If only for the latter reason, there is 
evidence that the birds' welfare is enhanced by allowing sufficient space for them all to 
feed together. 
Synchrony of other activities 
The synchrony of other activities (such as perching, preening and drinking) was 
commonly observed where sufficient space was provided. But, unlike the situation with 
feeding hens, no evidence of physical damage was seen to occur when synchrony was 
prevented. It is difficult to find out whether hens suffer from such restriction, and if so, 
by how much. With feeding synchrony it was possible to create a situation where three of 
four birds could feed, and then observe the behaviour of the non-feeding individual 
(chapters 5, 6 and 7). With other behaviour patterns this is more difficult because there is 
no way of allowing synchrony of three birds to preen, for example, whilst preventing the 
fourth. When three birds preen it may be space that prevents the fourth from doing 
likewise, but there is no way of knowing whether this is the case. Since there is 
motivation to synchronise at least some behaviour patterns there is likely to be some 
form of frustration when it is prevented. However, there is little evidence to suggest that 
frustration occurs to an adverse level, if at all, or that welfare is affected. 
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Potentially a greater problem lies in those other functions of synchrony which may have 
an important role in group structure and cohesion (Clayton, 1978), though again this is 
something that can only be speculated on. It would be interesting to know the 
relationship between synchrony and group social structure, to see if inadequate space 
allowances limit 'normal' group activities by restricting synchrony. If this is the case, then 
by preventing behavioural synchrony space restriction could indirectly be affecting the 
birds' welfare. 
8.1.3 Aggression 
The space between birds did not in itself appear to be a major cause of aggression, 
although space allowances and stocking densities certainly were. The one exception 
appeared to be during pre-lay, when aggression levels rose and hens were regularly 
observed to give those in pre-lay a wider berth. Prior to laying an egg hens attempt to 
leave the group to find a nest site (Duncan et al, 1987) and are often frustrated and 
aggressive if a suitable site cannot be located (Hughes, 1979). Whether this problem 
would be best solved by increasing space allowances, or by changing other aspects of the 
environment has not been determined. The effect of pre-lay on spacing was most evident 
in the experiment described in chapter 10, where nest-boxes were not used. Had they 
been present the effects of pre-lay on aggression might not have been so great. 
Although the effects of both group size and stocking density on aggression are well 
known (Polly et al, 1974; Al-Rawi and Craig, 1975), some findings of the current study 
are new. It might have been guessed that low ranking birds would be particularly affected 
by increases in aggression, but the study showed that the receipt of pecks arising from 
such increases were spread evenly across the ranks, though it was mainly the higher 
ranking birds which were being the most aggressive (fig 7.4). This has important welfare 
implications, for although any increases in aggression are likely to reduce hen welfare, 
the effects will not be concentrated onto the lower ranking birds. 
In addition to overall bird density, local density also affected aggression (chapter 6). 
Aggression did not build up gradually as local density rose, but suddenly became greater 
once a threshold had been reached. For this reason aggression will not act to prevent 
local rises in bird density, because the build-ups occur before the increase in aggression 
takes place. This should be taken into account in the design of housing systems, because 
any aspect of an environment that results in the local build up of birds (such as the 
position of feeders and drinkers) could lead to a rise in aggression. 
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Cages have low levels of aggression despite having high stocking densities (Hughes and 
Wood-Gush, 1977). Four possible explanations have been suggested for this by Hughes 
and Wood-Gush (1977). One is that there is insufficient space to manoeuvre, so 
restricting birds which would otherwise have been aggressive. The second is that there is 
no dominance hierarchy in cages. The third is that it is the process of entry into the 
personal field that leads to aggression, rather than the distance of the individual, so in 
cages where the birds are permanently within the personal field there is little aggression. 
The fourth is that there is a strong dominance hierarchy in small groups, and the close 
presence of a single dominant individual may inhibit the agonistic behaviour of lower 
ranking birds. 
In the experiment described in chapter 4 there was no increase in aggression as cage size 
increased, which seems to go against the first theory that small space allowances 
physically restrict aggressive behaviour. However, the findings of Hughes and Wood-
gush (1977) show that there may be an affect on certain aspects of threat behaviour 
which require more space, such as the side threat. In the experiments described in 
chapters 2 and 3 there was an indication that there were differences between cage-mates 
in their ability to gain access to the food trough, suggesting that a dominance hierarchy 
does exist even though there is little aggression; this suggests that theory two is not the 
cause. The lack of aggression between former cage mates in an enclosure where 
aggression occurs between non cage mates, suggests that the third theory is not the main 
cause, because in these cases the approach into the personal field by a former cage mate 
did not ellicit an aggressive reaction. It has been demonstrated that the close presence of 
a dominant hen inhibits the aggression of the lower ranking birds (Ylander and Craig, 
1980). This suggests the fourth explanation; that there is a strongly formed dominance 
hierarchy, but little aggression occurs due to inhibition caused by the close presence of a 
dominant bird. 
8.2 SPACING BEHAVIOUR 
8.2.1 Territoriality within large groups 
Some studies have shown that hens in large groups use more or less all of the space 
available to them (eg, Hughes et al, 1974; Appleby et al, 1985), whilst others have 
shown restricted area usage (eg, Crawford, 1966; Craig and Guhl, 1969, Newberry and 
Hall, 1990). Hughes et al (1974) suggested that the random movements observed in their 
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study could have been due to low lighting levels reducing bird recognition. The study in 
chapter 6, where familiar birds tended to associate together, would seem to support the 
idea that identification of individuals is a factor. 
As discussed in chapter 6, association with familiar individuals would lead to a lowering 
of aggression and could act as a feedback to reduce movements to the area used by 
familiar birds. This would lead to core area usage, and under suitable conditions, 
territory formation. The findings of the study in chapter 6 showed, like the study by 
McBride and Foenander (1962), that hens are territorial if they are originally housed in 
separate groups. Yet the same birds did not form territories within these groups, but 
showed core area usage. The interference between other group members may in some 
way interfere with the formation of true territories, though the effects are not fully 
understood. 
Although a number of studies have looked at the area used by hens in large groups, there 
have been no experimental studies to assess the individual factors responsible for the 
variety of distribution patterns that have been observed. This would be an area worthy of 
further study. 
8.2.2 Models of individual spacing 
Group structure affects the individual in a more direct way than does its size or 
composition. In an 'optimally' spaced group, close approach between two individuals will 
affect only the two involved. Therefore the costs of sub-optimality will be directly felt, 
and may outweigh the costs of trying to repel an approaching animal, or move itself, in 
order to maintain optimal spacing. However, this might only be the case when the 
position became very sub-optimal (eg. very close approach) because the costs of being 
marginally sub-optimal are small and not worth the effort of improving. 
One difficulty an individual would face in attempting to conform to such an optimal 
spacing model, is the problem of assessing what the optimum is. Theoretical optima will 
depend on a wide variety of factors, and assessing optimal spacing may be beyond the 
capabilities of the animal involved. If the animal is capable of assessing the optimal 
solution, it will then have to monitor the situation continually as conditions may change. 
Such assessment has a cost in that it disrupts other activities, such as feeding. 
Conforming to the optimum spacing also has its costs either in repelling the other 
individual or having to move itself; 
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Keeling (1987) showed that spacing patterns in hens vary according to the behaviour 
being exhibited. Although in many cases this may be incidental - such as wider spacing 
during feeding being a product of greater movement - some type of assessment and 
conformity to optimal spacing does probably occur. But when a hen is observed to 
change its behaviour, it does not immediately alter its distance from the other group 
members. This indicates that although spacing may on average correspond to something 
approaching the theoretical optimum, there is flexibility to allow for small deviations. 
Schneirla (1959) proposed a model of optimal spacing based on the relative attractive 
and repulsive forces between two individuals (fig 13.1 A), the optimum position being 
the distance at which the two forces were equal. McBride (1971) criticised this view, 
saying that it failed to explain the wide range of spacing behaviour observed. Keeling 
(1987) tried to reconcile this by stating that variations occur between individuals and 
with different circumstances. A slight alteration to the shape of Schneirla's model (fig 8.1 
B), however, shows that it can also be made to predict a range of distances from the 
optimum, which incur negligible motivation to move. Such small motivation to conform 
to the theoretical optimum, even if detectable to the individual, would in many cases be 
inadequate to outweigh the costs of moving. 
An optimal range would provide the 'living space' referred to by McBride (1971), which 
would allow an individual more flexibility and would be more compatible with the 
spacing patterns commonly observed. It would also reconcile the problems in the original 
model involving behaviour transitions. The range of spacing patterns associated with 
different behaviour patterns would overlap, allowing two individuals to maintain a 
constant distance whilst performing different behaviour patterns. From an evolutionary 
viewpoint, it is highly unlikely that small deviations from a theoretically optimal spacing 
regime, would result in sufficient reductions in fitness to necessitate strictly conforming 
to optimality. 
8.2.3 Feeding space 
Because of their motivation to synchronise feeding activity hens in cages were regularly 
affected by space restriction at the food trough (discussed in 8.1.2). The spacing of birds 
was mostly governed by the physical restrictions of the environment, and the question 
was more of which birds could feed and not where they would feed. However, in the 
experiment of chapter 4, where more space was available, the spacing behaviour of 
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feeding hens could be observed in a less restricted environment. Given more room they 
spaced further apart, but clumping was still evident showing that there is social attraction 
during feeding, even through close contact is avoided. 
8.2.4 Factors affecting spacing 
Familiarity 
Chapter 5 showed the importance of familiarity in determining the associations between 
hens. Familiarity affects the spacing and aggression between individuals, and is important 
in groupings and territory formations. 
In chapter 6 it became evident that an association between birds, once formed, could last. 
Former cage-mates were still seen to associate 19 days after being mixed with larger 
groups that had themselves formed a stable hierarchy. The fact that this occurred within 
a group of 40 hens which - as in the study by McBride and Foenander (1962) - defended 
a common territory, implies that hens are quite capable of recognising this number of 
individuals and remembering the associations. 
Aggression 
Aggression is the controlling factor in individual spacing and overall bird distribution. 
Certain factors, such as familiarity or the motivation of the individuals involved, may 
determine the levels of this aggression. In chapter 6 the effect of aggression on spacing 
was particularly evident at the feeder, where a dominant bird would prevent most of the 
others from feeding, but allow access to a former cage-mate. 
A further indication of the variability of the distances tolerated by an approached bird 
was seen in chapter 7, where during the pre-laying period hens would be highly 
aggressive to birds that approached to distances within which they were normally 
tolerated. This indicates how the approach tolerance is dependent not only on the 
approaching bird but on the circumstances of the individual being approached. Another 
observation was the repeated attempt by subordinates to approach such aggressive birds, 
despite being pecked repeatedly. This shows the high motivation levels of birds during 
pre-lay, and indicates that when a hen wants to approach another bird badly enough, it 
will do so regardless of the consequences. 
The results from experiment two of chapter 6 indicate that local bird density was also 
controlled by aggression. Not only were high bird densities the cause of higher levels of 
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aggression, but very low densities only occurred when aggression was high (fig 6.3). The 
number of birds occurring most commonly in a section of a pen corresponded to the 
lowest aggression levels. This again indicates that aggression was the controlling factor. 
In chapter 6 part three, after removal of the partition dividing the two groups, most 
aggression was seen in the one section that was used by birds from both pens. This was 
also the section that was used the least. This is further evidence that hens avoid 
strangers, and aggression is the controlling factor. 
8.2.5 Use of available space 
Hens do not space themselves evenly. In the experiment described in chapter 7 it was 
found that the average space around different individuals varied with social status and 
aggressiveness. The experiment also showed the variable usage of different regions 
within a pen. The centre was used more than the edge, which is in common with that 
described by Keeling and Duncan (1989) using a similar sized enclosure, but in contrast 
to that found by other studies (eg Newberry and Hall, 1990; and Keeling, 1987) using 
larger pens. In addition, the centre was used more by dominant birds, and the higher 
levels of aggression which were recorded indicate that they were prepared to defend it 
aggressively. All areas within the pen were equally supplied with food, wood-shavings 
and lighting. In one respect the periphery was better supplied than the centre, since this 
was where the water was placed. The hens' preference for the centre of the pen could be 
related to the selfish herd theory (Hamilton, 1971): in other words this could be the 
instinct of animals to prefer a position central in the group where, in the wild, predation 
risks would be less. In those studies where the perimeter was preferred (ie Newberry and 
Hall, 1990; and Keeling, 1987) the pens were larger in area. It could be that in these 
cases the wall offered protection, leaving the open side as the only possible attack by a 
predator. In contrast, in smaller pens (ie Keeling and Duncan, 1989; and chapter 7) the 
central point may offer greater visibility, and room to escape. 
In the experiments described in chapters 5 and 6, and to a lesser extent in chapter 2, hens 
used the perches and floor areas for different activities. In particular, perches were used 
for roosting (both during the day and night, and including sleeping and inactivity), 
preening and bill-wiping. Floor areas were used for feeding and drinking (not 
surprisingly, since this was where the food and water were situated), walking, foraging 
and dust-bathing. In addition the perches were used mostly at night and during the 
afternoons. 
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In chapter 6, hens used the perches as a refuge, with lower ranking birds spending longer 
perching. On the floor it was common for birds which were being pecked to jump up to 
the perches (or occasionally to run into the nest-boxes) to escape from attacks, which 
were only rarely continued further. In this way the perches (and to a lesser extent the 
nest-boxes) provided an important refuge for low ranking hens. Yet they still needed to 
be on the floor to gain access to food, water and the floor litter. Under such conditions 
the low rankers may have their access restricted, or they may get access to the necessities 
(eg food and water) but not have the opportunity to utilise the substrate for foraging or 
dust-bathing. 
8.2.6 Conclusions for welfare 
The spacing behaviour of hens has been little used in the design of commercial systems. 
It seems evident from this study that the solution is not just to provide more room for the 
birds to space themselves (though this in itself would ease the problem) but to utilise our 
knowledge of spacing behaviour to design systems which allow natural behaviour 
patterns to be expressed. Some 'high welfare' systems such as percheries may provide 
improvements in some areas, but so far they have been poorly studied and their 
advantages and disadvantages are not established. In addition to using perches, the use of 
partitions - either on a temporary or permanent basis - may well be a line worth pursuing. 
8.3 FINAL DISCUSSION 
8.3.1 Spacing and space restriction 
The experiments in this thesis have been concerned with the effects of space restriction 
on the behaviour of hens (discussed in 8. 1), and the way they use the space they have 
(discussed in 8.2). In some ways these are very different fields, whilst in other ways they 
are inter-related. Restricted environments are only a single specific instance of the many 
different environments available to animals, even though they are common amongst 
domestic hens. But within all environments spacing behaviour occurs, and looking at 
spacing patterns under restricted conditions can help in the understanding of the control 
of spacing when unrestricted. 
117 
The space used by hens is a continuum from the limited physical space the bird occupies, 
to wide geographical areas marked out as territories. Within the continuum certain points 
may hold particular significance to the hens. Some examples might be the space required 
for an individual to perform each of its behaviour patterns (measured by Dawkins and 
Hardie, 1989); the space required for individuals within a group to be able to perform 
their behaviour patterns in synchrony (discussed in 1.2.2 and 8.1.2); the space needed for 
all individuals within a group to space out as they would choose, (measured by Keeling 
and Duncan, 1985); and the territory over which that group would move (measured for 
wild birds by Bump and BohI, 1961, and Collias and Collias, 1967; and for feral birds by 
McBride et al, 1969, and Wood-Gush and Duncan, 1976). The size of each being 
dependent on the situation and the birds concerned. 
Experiments on feeding space requirements (discussed in 2.2) have indicated that a small 
increase in space has a marked affect on hen behaviour, if it permits feeding synchrony. 
What has not been discovered is whether the other points within the continuum are of 
particular significance, or whether all small increases in space affect the birds equally. 
However, since there is motivation to perform all of these activities, it is likely that they 
may have particular importance. 
It would be of value to more fully understand the relative importance of each, and the 
way they inter-relate with one another. Although some work has been conducted on the 
spacing of animals in restricted environments, more information is needed about the 
spacing of groups in the natural condition to determine whether the factors affecting 
spacing in restricted environments are a true representation of spacing behaviour as a 
whole. 
8.3.2 Welfare 
Much of the work so far conducted on the spacing behaviour of animals has been 
concerned with the effects of space restriction on welfare, and has been conducted on 
farm animals. With hens in particular the general consensus of the work conducted is that 
commercial space allowances restrict behaviour and lead to welfare problems. However, 
despite this research, little legislation has been enacted to enforce changes. This either 
indicates that incorrect conclusions are being drawn, or that the work is being ignored. 
When a situation arises which could adversely affect human welfare, for example the 
production of a new medicine, the assumption is that welfare will be adversely affected 
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unless it can be proven otherwise. With animals the burden of proof is in the opposite 
camp. The onus is on the scientist to prove that there is a welfare problem and not to 
prove that there isn't. 
Various potential welfare problems are highlighted in this thesis, but nowhere are they 
proven beyond doubt. However, it could be argued that any measure of welfare is limited 
by the fact that we can never know for certain what an animal is feeling. With this in 
mind, the proof of animal suffering is an unattainable objective. It would, perhaps, be 
better to determine what is, within reasonable doubt, a welfare problem, on the chance 













Fig 1B.1 Models of spacing showing the attractive (X) and 
repulsive (Y) forces between two individuals, with the 
optimum separation (dashed line) being where the two forces 
are equal. Graph A shows the model proposed by Schneirla 
(1959). Graph B shows a slight modification, with an optimal 
range, within which deviations from the optimum result in 
negligable motivation to move. 
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Unless otherwise stated, Feeding referred to all activity within a feeding bout. It 
included pecking and swallowing of food and brief pauses to look up between pecks. 
Food manipulation (M) 
On occasions, a bird would manipulate or play with its food before swallowing. 
Usually this would occur whilst the bird was at the food trough, but on some 
occasions the bird would manipulate and swallow its food after having moved from 
the trough. Behaviour of this kind was usually classified as Feeding, but in those 
experiments involving analyses of position at the food trough the two were classified 
separately. 
Scratching (S) 
In the wild, or in suitable floor systems, hens scratch through the ground litter looking 
for food. A 'vacuum' version of this behaviour also occurs in cages, despite the lack 
of litter. All scratching behaviour was included in this category. Occasionally birds 
would eat and scratch simultaneously, this was recorded as Feeding. 
Drinking (D) 
A bird was classified as Drinking if it manipulated the nipple drinker, had its bill in 
the water trough or was swallowing water. Some pecks, though directed at the 
drinking apparatus, were not considered to be related to water consumption so were 
classified as Cage Pecks. In practice the two types of peck were easily distinguishable. 
Cage-pecking (K) 
This included all pecks directed at the cage, the pen, or their attachments, other than 
those involving food or water consumption, or those directed at the litter. 
Litter-pecking (Z) 
All pecks directed at the floor-litter fell into this category. In some cases the birds 
may have been feeding on food items in the litter, but it was rarely possible to 
determine whether this was the case, so it was not categorised as Feeding. 
Feather-pecking (F) 
All pecks or pulls of another birds feathers, other than those involving aggression 
were categorised as feather-pecking. Aggressive pecks were generally easy to 
distinguish from Feather Pecks (see Hughes and Wood-Gush, 1977). 
Bill-pecking (H) 
This category included all non-aggressive pecks directed towards another individuals 
beak. It usually involved the removal of food caked around the recipients bill and was 
generally tolerated. 
Aggression (A) 
Including all types of aggressive behaviour involving contact between individuals. 
Examples were; Aggressive pecks, fighting with the feet, and the pulling of wattles 
and feathers. It was felt that threat behaviour was often too difficult to categorise with 
certainty. It was included in the 'Other' section ; and not used in any analysis of 
aggressive activity. 
Preening (P) 
Though not strictly speaking the true definition of preening, all maintenance 
behaviours performed by the beak were included in this category. It therefore 
included foot, leg and vent cleaning, as well as true feather preening. 
Bill-wiping (N) 
Bill-wiping is thought to clean and to hone the beak. It involves wiping the bill 
sideways against a hard surface, usually a perch or the cage/pen. It is easily 
distinguishable from cage-pecking. 
Dust-bathing (B) 
This is a form of maintenance behaviour performed by birds particularly where a 
suitable loose substrate is available. It involves a variety of actions including; Lying 
in the substrate, moving up and down in it and flicking it over the body. In cages 
where no substrate is present, vacuum dust-bathing occurs. This is similar to 'true' 
dust-bathing but usually only involves the up and down movements and lying on the 
cage floor. This category included both types of dust-bathing behaviour. Between 
bouts of active dust-bathing, hens would often lie flat on the floor for long periods. 
This appeared to be in some way related to dust-bathing activity, but due to possible 
confusion with other 'activities' all but the shortest pauses were classified as Inactive. 
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Wing-flapping/stretching (G) 
These two self explanatory behaviours were often hard to disassociate from one 
another, so were lumped as a single category. 
Egg laying (L) 
Egg laying was classified as the actual passing of the egg and did not include the long 
period of pre-lay behaviour preceding it. 
Pre-lay squat (Q) 
During the period leading up to egg laying, hens would often adopt a characteristic 
position with head and body close to the floor and the tail pointing upwards. This was 
classified as the pre-lay squat, and was usually distinguishable from other Inactive 
behaviours. 
Nest-box occupation(U) 
Where nest boxes were present, and birds inside, it was usually not possible to record 
behaviour patterns. All birds in nest-boxes, including those that could be seen clearly, 
were included in this category. 
Walking (W) 
This category included all stepping movements. Pre-lay pacing was included in this 
category because it was only possible to distinguish it from other walking and running 
movements during its later stages, and then often only with hindsight. 
Jostling (J) 
Birds would often push and jostle one another if their path was blocked by another 
individual. Jostling included; pushing aside, climbing over and crawling under other 
birds. 
Vigilance (V) 
When reacting to a stimulus a bird would raise its head, neck and the front of the 
body and often cock the head to one side seemingly to listen and look around. 
Otherwise, vigilant behaviour was limited to brief head raises. 
Calling (C) 
A number of different types of vocalisation were heard, all of which were classified as 
calling. It was often difficult to determine which individual had emitted a call, leading 
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to calling being under-recorded. Often calls were made whilst performing a second 
behaviour. Because of the problems in adequately recording vocal behaviour, the 
second behaviour was always the one ascribed, with calling only being recorded 
where it was the only activity known to have occured. 
Inactivity (I) 
A bird was considered to be inactive if no other behaviour pattern could be seen to 
occur. Many birds included in this category may have been involved in other activities 
unseen by the observer ie, listening to sounds, calling, sleeping, letting food settle 
etc. Because of the possible different motivational and emotional states a bird in this 
category could be experiencing, the data was interpreted with some caution. 
Other (0) 
Some uncommonly observed behaviours not mentioned above included; egg-rolling, 
egg-pecking, aggressive threat, panting, head-shaking, excreting, litter throwing etc. 
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